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LEHER OF TRANSMIHAL. 



U. S. Depabtmbnt of Agbiottltuee, 

Division of Fobestbt, 
Washington, D. C, Marck 31, 1898. 
Sib: I have the honor to submit herewith for publication a bulletin 
prepared by Mr. Charles A, Keffer, aasiatant chief, on Tree Planting in 
the Western Plains, being an accouut of the experimeDtal plantiags 
made by the U. S. Department of Agriculture. 

The direction of this work in detail has been entirely in the hands of 
Mr. Keffer, whose experience with the conditions of the region for which 
the experiments were conducted htted him specially for the task. 

The discussion of the principles underlying such planting, which 
accompany this report, it is hoped will prove an aid to intending tree 
growers, not only in the West but elsewhere. 
EespectfuUy, 

B. E. Febhow, 
Hon. James Wilson, Chief. 

Secretary. 
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INTRODUCTION. 



Forestry has to deal with forests. Forests subserve two purposes : 
snpp]y of a most uecessary raw material, and amelioration of the con- 
ditions of climate and water flow. 

In the semiarid and arid regions not only is tree growth established 
with more difficulty and expense, but except where irrigation can be 
had in full supply the trees will grow slowly aft«r the vigorous juvenile 
period of twenty or thirty years, and remain of small dimensions, short 
bodied, and fit only for firewood. 

Protection, then, amelioration of climate, is the principal object of 
forest planting in these regions. Wood supply Is the secondary con- 
sideration. 

The forests which furuish the enormous quantities of wood material 
Qsed in this country, amounting in value to $1,000,000,000 in round 
numbers per year, grow in the humid regions, and will always grow ' 
there, because they are more favorable to tree growth, developing 
larger and better timber, more rapidly and cheaply, and that, too, on 
non agricultural soil. 

The first interest, namely, our lumber supply, being so infinitely more 
important, most of the attention of the Division of Forestry was immedi- 
ately taken up with problems affecting the rational use of our existing 
forest resources and their recuperation, somewhat to the exclusion of 
the questions which interest the tree grower of the West. 

The only way in which the division could have made itself useful in 
the latter direction seemed to be in field demonstration, namely, by 
establishing experimental plantings in which the adaptation of species 
to the climate and methods of using the same might be tested and 
object lessons exhibited. Practical difficulties of various kinds and 
deficiency of funds prevented the inauguration of such work until a 
plan of cooperation with the 8tat« agricultural experiment stations 
removed at least a part of these difBculties, and the abandonment of 
other important work furnished sufficient means to attempt this field 
work. This has now been carried on for three years under many draw- 
backs, the most detrimental of which is the difficnlty of securing 
properly selected satisfactory plant material delivered in good condi- 
tion, and of adequate personal superintendence at the various stations 
during planting time. 

While the professors of horticulture who have kindly volunteered 
to take charge of these plantations unquestionably devote themselves 
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to this Tolntitary duty as zealoasly as to any other, and have our sio- 
cerest thanks for their interest in the same, we are aware tliat, espe- 
cially at the planting season, they are so overcrowded with work that 
only a pa^iug attention can be given to this outside matter ; and at the 
same time wherever directions for field work are to be given from a 
central office far away from the 10 or 12 Btations, all differently situ- 
ated climatically, the full measure of success can not be expected. 
The difSculties surrounding the procurement of plant material have 
been discussed at length by Mr. Kefier in this report. 

The objects of these experimental plantings may be briefly stated as 
follows : 

1. Testing adaptability of various native and exotic species in the 
several regions. 

2. Finding methods of establishing such species as seem well 
adapted, but are difficult to start. 

3. Testing the behavior of various species in mixture, and their 
influence upon one another, as a basis for selecting proper mixtures 
(mixed planting being recognized as superior). 

4. Developiug methods of cultivation, more successful or cheaper 
than those in uue. 

5. Finding methods of securing plant material most cheaply. 

6. Testing influence upon hardiness of locality from which the seed 
is secured. 

7. Demonstrating forestry methmls in tree planting. 

In spite of the difficulties mentioned, the experiments have been 
fairly successful and instructive and will become more so as the trees 
grow. Nor should it be overlooked that, iu experiments, failures are 
just as instructive — provided their cause is discovered — as successes. 
More liberal appropriations to place this work upon an adequate 
basis, commensurate with the interests involved, would produce more 
satisfactory results. 

B. E. Pbenow, 
Chief Division of Forestry, 
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EXPERIMENTAL TREE PLANTING IN THE PLAINS. 



IKTBODtrCTION. 

Aa effort has been made id this bulletin to bring together a record 
of experimental plantings, not yet sufficiently extended to be more 
than suggestive, which have been conducted by thi^ Department of 
Agriculture daring the last two years. It seemed in this connection 
desirable to give also a brief discussion of conditions affecting tree 
growth, with special reference to those encountered in the Western 
plains, where the plantations are mostly located. 

The forestless region of America includes all the States between the 
Mississippi River north of the Ozark Mountains and east^ern Texas, 
and the Bocky Mountains, together with the plateau west of the 
Rocky Mountains. The possibilities of forest growth in this vast area 
are yet to be proved. Roughly speaking, any species that thrive in the 
adjacent wooded regions can be grown in Iowa, the Bed Biver Valley 
of Minnesota and North Dakota, the Sioux Valley of South Dakota 
and the eastern counties of Nebraska, and in the more southern States. 
We know that difQcultics of cultivation increase rapidly as oue goes 
westward, but we can not say where the western limit of successful 
tree culture is. We can not even deflne the limit-s of successful agri- 
cnlture in the plains, for with increased facilities for irrigation splen- 
did crops are now produced where only a few years ago it was thought 
desert conditions would forever prevail. 

It is admitted that forest planting, as a financial investment, will 
probably be profitable on the plains only in a Umited degree. Favor- 
able sites may enable the profitable raising of fence posts and other 
specialized tree crops, bnt the growing of timber on a commercial scale 
can hardly be expected. The quick and sure returns of agricultural 
crops warrant the farmer in supporting expensive irrigation works in 
the semiarid West, but we can hardly foresee a time when even an 
approximate expenditure for the maintenance of a forest crop would 
prove profitable except for the protection afforded by it. While tliis is 
probably true, there yet remains for demonstration the limitations of 
tree culture within the possibilities of the Western farmer — what spe- 
cies are adapted to his land; what methods give promise of success; 
what can he do to improve conditions and so make possible not only 
the growth of useful timber, but also a greater variety of agricultural 
operations. As has been intimated, the difficulties of tree growing 
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increase greatly as one proceeds northward and westward from tbe 
eastern forest area. In the eastern border of the plains the planter 
has almost as great latitude in his choice of varieties as has the dweller 
within the forest, and be may select timbers of the highest economic 
valne, choosing several kinds, each adapted to specific nses, and plant- 
ing with them others whose only pnrpose is to promote the growth of 
bis select trees. As we go westward the possibilities of choice become 
more and more restricted, until in western Kansas and Nebraska, in 
the npper Missoari Valley and the high plains of Texas, New Mexico, 
and Colorado very few species can be relied upon, and these will have 
to be nurtured and cared for to a degree not dreamed of by the East- 
em farmer. The exact limits of choice have yet to be determined. 
Thus far we must deal largely with generalities and inferences, which 
become more and more problematical as we proceed westward. 

Tbe experimental plantings herein described in detail are given not 
only as a record of the beginnings of an imiwrtant work, but as indi- 
cating what are believed to he nsefal mixtures of trees for planting in 
the West. Sufficient time has not elapsed, even in the oldest plantings 
described, for final conclnsions to be drawn ; but the notes on kinds will 
be found of interest in connection witli the experiments, and the whole 
is believed to afford a basis for selection of trees for the various States 
inclnded in tbe treeless area. 

While this bulletin has to do primarily with Western planting, it may 
be found a safe guide in many directions for forest planting within the 
timbered regions of the country, especially as to general principles 
involved. Experiments in planting in cut-over lands in the pineries of 
Minnesota and Pennsylvania have been begun by the Department, bat 
are not yet sufficiently advanced to warraut even a progress report. 

CONDITIONS AFFBCTINa TRUE OROWTH. 

In common with all plant lii^ trees require a certain amount of heat, 
light, and moisture for their development. These elements are so inter- 
dependent in their effect upon tree growth that it is almost impossible 
to consider one without keeping in mind the influence which the other 
two are constantly exerting. Thus, if we discuss the effect of heat upon 
tree growth, we are at once reminded that the action of beat and light 
are inseparable and that the resnlt upon the same species in a moist 
and a dry region is quite different. It most be remembered thit these 
elements are never dissociated in their influence on plant growth. 

Most trees have a wide range of endurance of heat, light, and mois- 
ture. The Bed Cedar is a striking illustration of adaptability to a great 
range of conditions. It is found in tbe swamps of southern Florida, 
furnishing wood for pencils; on the dry, exposed foothills of the Kooky 
Mountains, whore it is reduced to a mere shrub; along the Platte 
River Valley in Nebraska, in the nortlieru forests of Maine, and reaches 
its best development iu the limestone soils of eastern TeirneE 
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immense range of conditions, illostrating well tlio possibility of adap- 
tation which a siugle species may have. 

All species possess to a greater or lees degree the power of with- 
standing varying conditions, but for each there is an ascertainable 
degree of heat (and presamably of moistare and light) at which it grows 
best. In tree cultare the character of the soil is important priucipaJly 
(one might say only) in so far as it affects the amount of moisture and 
heat available for the trees ; and the lay of the land — exposure — is also 
to be considered principally with reference to heat, light, and moisture. 



The heat requirement of plants in the open can be controlled to only 
a slight degree by the cultivator. He may frequently guard against 
frost by care in the selection of a site for the plantation, and the evil 
effects of hot winds may sometimes be avoided in the same way; but 
this is less true in the plainsj where there are relatively smaller differ- 
ences in the elevation of the land than within the forested area. 

As a rale, species must from the first be sufficiently hardy to with- 
stand the extremes of beat and cold to which they will be subjected 
where planted. Hardiness is usnally regarded as the ability of a 
species to withstand cold, but it is quite as important to consider also 
its lieat resistance. The Butternut {Juglans cinerea) is not generally 
hardy in the plains, though native along the streams of Iowa and 
Minnesota as far north as Minneapolis. It suffers Irom sun scald in 
plantations, and hence can not be considered hardy. The Gatalpa and 
Russian Mulberry, while successful in eastern Kansas, fail in the west- 
ern part of that State in much the same way that they do in northern 
Nebraska, though the winter climate in western Kansas is but little^ 
if any, colder than that of the eastern part of the State, Light and 
moisture evidently have an influeuce in determining hardiness, as well 
as heat; in this, as in the rate of growth, alt three factors arc important 
and can not be dissociated. Classified with regard to tbeir ability to 
endure cold, the species usually available for planting in the West 
would stand about.as follows, tbe hardiest being named lirst: 

First group. — Aspen, White Spruce, Yellow Birch, Sweet Birch, Jack 
Pine, White Pine, Bed Pine, Norway Spruce, Ked Cedar, Scotch Pine, 
Austrian Pine, White Elm, Cottonwood, Boxelder, Green Ash {for North 
Dakota and northern Minnesota). 

Second group. — Bock Pine (Boll Pine), Douglas Spruce, Hackberry, 
White Willow, Black Cherry, Bur Oak, Red Oak, Wbite Ash, Silver 
Maple (for South Dakota and northern Nebraska). 

Third group. — Chestnut, Black Walnut, White Oak, Cow Oak, Hick- 
ory, Honey Locust, Kentucky Coffee Tree, Black Locust, Oatalpa, 
Bussian Mulberry, White Fir (for south Nebraska and Kansaa). 

Fourth group. — Pecan, Osage Orange, Shortleaf Pine, Mesquit, 
Gbinaberry (for Oklahoma and Texas), C OOqIc 
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Many of tbe more northern forms named, thongh not all, will sacceed 
in the more Bonthem localities. 

Many more species, both native and introduced, may occur to the 
reader, hot these have come within the observation of the writer and are 
classified from this standpoint. It must be remembered that light and 
moisture conditions will greatly influence the action of species, as well 
as resistance to cold. In general, it may be expected that as one goes 
westward the conditions aft'ecting growth are more severe, so that 
species which succeed in tbe eastern part of the plains may i'ail entirely 
in eastern Colorado. 

Trees that are not qnite hardy while yoang can sometimes be grown 
where success would otherwise be impossible by planting them among 
others of a larger size which may have been set a few years previously, 
thus affording a slight protection for the more delicate kinds. Several 
of our most useful species are thus subject to injury from frost during 
their infancy, becoming quite hardy after the first few years. Even 
the hardiest species will occasionally suffer badly or be entirely killed 
by late frosts. At Brookings, S. Dak., almost all the European Larch 
trees in a plat numbering several hundred were killed by a heavy frost 
after the leaves were one-third grown. The trees which survived 
required two years to recover their normal condition. Frost injury to 
foliage is common to all species in the Northwest, where even tbe Aspen 
is not exempt in early spring before the young growth becomes 
hardened. 

A laek of heat affects the growth of trees principally in dwarfing 
them where they are not killed outright. The Russian Mulberry, which 
is little more than a shrub in the southern counties of South Dakota, 
where it is always killed back in cold winters, becomes a good-sized 
tree in the Arkansas Valley. Bur Oak, one of the largest of its genas 
as grown in Kentucky and Missouri, presents a stunted appearance in 
the forests of Minnesota. On the other hand, it has been observed 
that the Boxelder as grown at Yankton, S. Dak., is larger and more 
vigorous than tlie same species at Hutchinson, Kans. Tbe trees in 
both sites are in bottom land where they have a plentiful supply of 
moisture. This indicates that too much heat may have a dwarfing 
tendency the same as insufficient heat. This dwarfing may be tnrued 
to good ndvantage by the grower in his selection of species for mixed 
planting. Usually in the choice of nurse trees a species is selected 
that will grow rapidly during the first few years, so as the better to 
protect the youth of its more delicate nurslings, and then more slowly, 
so that the protected trees may forge ahead and have the full benefit 
of all the light for their crowns. It will be for such secondary species 
oidy that advantage can be taken of tbe effects of cold upon the tree 
growth, and even here other kinds can be foand which are not thus 
harmed, and would presumably be equally good for the purpose in 
view. 

Dcillizedoy Google 
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It should be eaid that too much beat is ijuite as objectionable as a 
too low temperature. Of species not adapted to high temperatares the 
Boxelder, Aspen, Yellow and Sweet Birch, the Spmces, Larches, and 
Northern Piiies and Hemlock may be mentioned. 



It may be safely assumed that all species of trees make their stron- 
gest growth when in the enjoyment of fall sanlight, qaite free from the 
»hade of their fellows. While this is true, certain species can endure 
more shade than others, some even being able to pass their entire 
lives in comparatively dense shade. Almost if not quite all trees can 
withstand more shade daring the first few years of their lives than 
subsequently; indeed, to some, notably the conifers, such protection is 
necessary daring their infancy. This variability in the amount of 
shade a species can withstand has given rise to the expressions "light 
demanding," applied to trees which require fiili light for their develop- 
nieiit, and "shade enduring," which are species that can grow for a 
longer or shorter period in the shade of others. The Cottonwood and 
the Scotch Piue are good examples of light-demanding trees, and the 
Beech and Hemlock of shade euduring. 

The relative amount of light required by a species changes with heat 
and moisture ; thus in a moist, warm soil an increased amount of shade 
may be endured and permit the assimilation of the greater amount 
of food available. One may have striking examples of the interrelation 
of heat, light, and moisture in the storage of such ornamental plants 
as the Oleander through winter. These plants are grown in large pots 
or tubs, and they may be safely kept in a comparatively dark, cool 
cellar, if at the same time they be given but very little water. If too 
much moisture be given, the plauts will rot, and if they be kept too 
warm a long spindling growth will result that will weaken the plant 
almost beyond recovery. If the storage room be light, an increased 
amount of both heat and moisture will be necessary to keep them 
healthy. 

Because certain species, such as the flowering Dogwood, Beech, Sagar 
Maple, and Hemlock of the Appalachian region, are fouud to endure for 
loug periods in the shade of other trees, like the oaks and pines, it 
must aob be assumed that the shade is uecessary to their best growth, 
Neither is it a reasonable inference that the Hemlock can be grown 
only in the shade because of the disastrous effect upon Hemlock of the 
removal of associated species. In this case it is the sudden increase of 
light and the inability of the species to adjnst itself to new conditions 
that frequently results in the death of the Hemlock. Were the pines 
and hardwoods thinned out gradually, affording a slow change extend- 
ing over a period of years, the Hemlocks would doubtless be benefited 
by the increased light. 

Dcillizedoy Google 
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Hemlock is mBcb nH»« infliieDced by mcHBtare conditions than by 
light, and it seeks northern slopoB auxe becaose <^ their moisture than 
becaase of their coolDess. In a. namber of city parks whra« the Hem- 
lock is grown in isolated specimeDs as mi ornamental tree the &ct that 
it sacceeda admirably in ftUJ sunshine is thoroughly established. So, 
too, isolated specimcDs of the Howering Dogwood, the Beech, and other 
8ba<]e- enduring species prove that these trees are able to endure shade 
better than their fellows, not that they thrive less well in fall light. 

"When trees of equal light requirement are planted together the 
struggle for light among them results iu more rapid thiuniug than 
where light-demanding and shade eudnring species are mixed. If the 
single kind used be light-demanding, weeds and grass soon gain a foot- 
hold and rob the soil of much of the moistnre which otherwise would 
be saved to the trees. Illustrations of this are common in the Cotton- 
wood plantations of the West. The Cottonwood is a tbin-foliaged, 
light-demanding species, which does not sbade the soil enough to pre- 
vent grass growth even where planted close. I have seen plantations 
of it in South Dakota where the trees were 40 feet high, and culti- 
vation was still necessary to keep the weeds down and conserve the 
soil moistnre. 

In making a grove or plantation, varieties of different light require- 
ment should be mixed together, and varieties of equal light requirement 
should not be mixed. Illustrations of this law abound in wild growths. 
The Sugar Maple and the Beech are shade-enduring trees, and through- 
out the Northeastern States they will be found growing well in the 
shade of snch species as White Ash, Black Walnut, and the Oaks and 
Birches. In even greater degree Hemlock is shade-enduring and is 
nsually found as a lower growth, or "second story," with White and 
Red Pine towering above. 

In the West the only native woods occur along the streams, and the 
difference in light requirement is less pronounced than in the heavily 
forested region. All trees there seem more intolerant of shade. Pos- 
sibly there are fewer cloudy days and the woods are more open, thus 
surrounding the trees throughout life with more light. But even in 
the Western woodlands a difference in light requirement is apparent 
and may be used advantageously by the planter. The Boxelder, Mul- 
berry, and White Elm withstand shade better than the Black Walnut, 
Green Ash, and Black Locust. The Bed Cedar, White Fir, arid White 
Spruce endure more shade than the Fines. 

The change in light reqnirement that comes with age is of great 
practical importance to the planter, as it enables him to provide shelter 
necessary in youth to certain species which are, nevertheless, intolerant 
of shade as they approach maturity. The Bur Oak is deoidedly a light- 
demanding species, but daring the first ten years it may be safely sur- 
rounded by dense-foliaged neighbors, and, indeed, it will be benefited 
for an even longer period by receiving light only directly overhead. 
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Erect growth will result, with very few lateral broDches, thus forming 
firom the first the clean, straight trunk so necessar; to high quality iu 
timber. 

The Gatalpa, thoagh not a shade-enduring tree, retains ite lateral 
branches with such persistence as to require dense-shading nurses to 
assist it iu shedding them. The Scotch Pine, when grown in fall suu- 
sliine and with plenty of room, as in parks or lawns, seldom forms a 
straight trunk, bnt nsually divides into heavy branches near the 
ground, thus making its timber of little value. Close-shading neigh- 
bors will correct this fault and result in a straight stem, from which 
the lower laterals soon fall. Care must be exercised with all the heavy- 
branched conifers, such as the Scotch, Austrian, Bock (Bull), and 
Ked Fines, not to overtop them with shading trees. They are benefited 
by side shade, and even that mnst be reduced as the trees advance; 
bnt they are intolerant of shade overhead. The White Pine will endure 
more shade during youth than the heavier branched Pines named, but 
it also requites unobstructed light at the top after, say, seven to ten 
years, and needs full sunshine as it approaches maturity. 

Indeed, as was said at the beginning of this chapter, all trees are 
benefited by full light, viewed from the standpoint of growth. When 
the use to be made of their timber is considered, however, it may be 
added that all trees will profit by the formative influence of close plant- 
ing with shading neighbors that will prevent the light from reaching 
the lower branches as the trees develop. In the absence of light the 
foliage is unable to do its work, the branches die from lack of nourlsb- 
ment, and within a few years fall away. The upper part of the crown, 
meanwhile, is elongated in an effort to reach full light, and thus the stem 
grows straight and tall, and all the wood laid on the trunk is free from 
knots. After the stem is well formed additional light should be given 
the best trees by thinning out the inferior species or specimens, and 
thereafter increased volume growth will result. 

Relative keight growth. — In determining rules for mixed planting, the 
effect of light upon tree growth is intimately associated with the 
relative height growth of various species. 

Kot only has each species an average height in maturity, enabling 
us to make a classification on this basis (White Pine, Tulip, and White 
Oak being high trees as compared with Boxelder and Mulberry, or 
Wild Plum and Scarlet Haw), but the growth in height is much gr6af«r 
at one period than at another. 0-enerally speaking, all species make 
their principal height growth during the earlier part of their lives, the 
increase iu volume of usable material being greater thereafter. But 
during this time of rapid height growth there is much diversity in the 
action of species. The White Spruce is very slow in growth during 
the first years, and its growth thereafter, though much more rapid, 
never equals that of Scotch and White Pine. The Colorado Blue Spruce 
is mncb slower than White Spruce at all stages of its development. As 
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observed in iiurBeries iu tbe lake region, the Douglas Sprace requires 
abont ten years Id which to form a leader, during which time it will 
have grown aboat 2 feet high; thereafter it resembles the Iforway 
Sprace in its development, lied Oedar grows well from the first, 
though never a rapid grower as compared with White Pine at its best 

Among the pines that seem especially adapted to the plains tbe Bock 
(Bull) Pine is a very slow grower during the first five years and seems 
never to make as rapid height growth as the Scotch Pine. Scotch and 
Austriau Pine are similar in growth, tbe Scotch being a little more 
rapid; both are better growers than either Rock or White Fine during 
infancy, but the Whit« Pine under favorable conditions surpasses them 
at its most rapid period of growth. The White Pine grows slowly in 
its wild state for the first seven years, then with increasing rapidity to 
about the thirtieth year, then more slowly, but still at a good rate, to 
about tbe eightieth year, by which time the principal height growth 
will have been attained. The Bur Oak is likewise slow up to about the 
tenth year, and it never grows as rapidly in height as does the White 
Pine at its best, but it is a persistent grower over a long period. Tbe 
Green A^h is a tree of comparatively slow growth, but it maintains 
about the same rate from the first until it has made its principal height 
growth. The White Elm is more rapid than Ash or Oak during ita 
first years, and it also continues a vigorous height growth until it 
approaches maturity. The Cottonwood is a very rapid grower from 
the first nntil maturity, as shortlived trees are apt to be. The Bos- 
elder grows with great rapidity until 6 or 6 years of age, and makes 
its principal height growth by the thirtieth year. It is a medium to 
small tree when mature. The Catalpa and Black Locust are among 
the most rapid growing trees during the first few years from seed, but 
after the tenth year they grow much more slowly, being surpassed 
thereafter by White Elm. Black Oherry is a rapid and continuous 
grower, almost equal to the White Elm, Bassian Mulberry grows very 
rapidly the first few years, making many branches and being thus an 
exceptionally good soil cover. Its period of rapid height growth is 
about the same as the Boxelder, and like that species it is a medium- 
sized tree. Silver Maple is a rapid and continuous grower for the first 
twenty-five years, when it usually begins to fail in close plantation. 
Black Walnut is somewhat more rapid in growth than Green Ash dur- 
ing the first few years trom the seed. At ten to fifteen years Black 
Walnut will usually equal Boxelder in height, and in favorable soils it 
has attained a height of sixty feet in twenty-flve years, though such 
rapid growth is exceptional. Honey Locust is a more moderate grower 
than Black Locust, but fully equals the White Elm and is of similar 
habit. 

These notes, made &om observations in Nebraska, Iowa, and South 
Dakota, may not apply with even approximate truth in the Southwest, 
where the conditions are very different, but they will serve to call 
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atteutiou to au ituportaot point in providing the proper light reqaire- 
meut of trees Id mixed planting. Such species as Boxelder and Rus- 
sian Mulberry, nhich endure more shade than mostof tlio broad-leafed 
trees that have been tested in the West, by virtue of their compara- 
tively rapid height growth during the first few years, are especially 
useful as nurse trees, among which other species of more continuous 
height growth may be set. If the latter be light-demanding they will 
have overtaken their nnrses before much damage can befall them (since 
all species endure somewhat more shade in infancy than when older), 
and if they be sliade-endnring they will, by their habit of continuous 
growth, surpass their nnrses and thus come into better light conditions 
as they develop. 

The shade enduraoce of trees is probably less in the plains than 
within the forest area. A list of trees most likely to succeed in the for- 
estless region, grouped with reference to their light requirement, is 
given below, the most light-demandiug being named first. The rank- 
ing is only tentative, and liirther observations may modify it somewhat, 
but it is believed to be sufficiently accurate to stand as a basis for 
determining what species may be planted together: 

1. Cottonwood, Aspen, Mesquit, Black Locust. 

2. Scotch Pine, Austrian Pine, Bock or Ball Pine, Green Ash, White 
Ash, Black Walnut, Yellow Birch, Sweet Birch, Black Birch. 

3. Red Oak, White Oak, Bur Oak, Tulip, Pecan, Honey Locust, 
Chestnut. 

4. Jack Pine, Catalpa, Silver Poplar, White Elm, Black Cherry, 
Silver Maple, Osage Orange. 

5. Hackberry, Red Maple, Boxelder, Russian Mulberry. 

6. Sugar Maple, Beech, Norway Spruce, White Spruce, Douglas 
Spruce, Red Cedar, White Fir, Hemlock. 

Of these groups the first two may be considered light-demanding 
trees, and the last two shade-enduring, leaving the third and fourth 
groups midway, but with considerable shade endurance in youth. 

In making selections from this list, hardiness and moisture require- 
ment must be kept in mind as well as light conditions and relative 
height' growth. 

MOISTURE. 

It has often been claimed that the absence of trees from the plains is 
attributable to a lack of sufBcient moisture, and were it not that so 
many artificial plantations are growing in what was only a few years 
ago a treeless region, the hypothesis might be accepted. But when it 
is recalled, also, that even in the States of Illinois and Iowa, with an 
average rain&ll of from 14 to 32 inches, vast areas were devoid of trees, 
the theory of itself will not stand. 

The minimam amount of moisture necessary for the support of forest 
growth can not be definitely stated, because other conditions can not 
20191— No. 18 2 
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be dissociated from the moisture requirement, atmospheric movements 
and soil character beiug the chief of these. It may be safely assamed 
that the line of saccessful tree cultare will be moved westward in even 
pace with the agricultural development of the conntry, and but little, 
if any, in advance of it. The clay soil of the plains, protected with but 
a scant growth of herbage, undisturbed through ceoturies beneath the 
burning sun and almost constant wiud, compacted by the hoof beats of 
countless buffalo, cau not be as absorbent as it will be wheu the plow 
haa turned it, and frost has disintegrated it, and the deep growing 
roots of alf^fa have made it permeable to moisture. Wlierever large 
areas have been brought into cultivation, tree culture has beeu more 
snocessfal than before the advent of the plow. The x>rairies of Illinois, 
Iowa, and the eastern parts of Kansas and T^^ebraska with tlieir planted 
groves fully sustain this view. The area of successful tree culture in 
the West can be demonstrated only by test plantings. Even should 
l^ilure attend these at first, it must be borne in miud that the methods 
employed or the material selected may be responsible for the results 
quite as much as any lack of moisture. 

In the past two years, since theplanting experiments herein recorded 
were beguu, the rainfall during the growing season, March to October, 
at Manhattan, Kaus., has been for 1896, 31.24 inches, quite evenly 
distributed throughout the season; for 1897, 20.51 inches, with only 
lA inches In August and September. The average rainfall at this 
station for the months March to October, inclnsive, lor the past forty 
years has beeu 21,02 inches, distributed by months as follows : March, 
1.32 inches; April, 2.78 inches; May, 4.08 inches; June, 4,46 inches; July, 
4.65 inches; August, 3,52 inches; September, 2.96 inches; October, 2,26 
inches: an amount which both in quantity and distribution would lead 
one to anticipate, what experiments thus far indicate, suitability of 
soil moisture for quite a number of varieties of trees of the Eastern 
forest region. At Lincoln, Nebr., the rainfall for the same period in 
1896 was 24.22 Inches, and in 1897, 21.73 inches, and areference to the 
record of growths at tliat station (see page 59) indicates this to have 
been ample for the needs of most of the species tested. 

At Brookings, S. Dak., the rainfall for the same period in 1896 was 
19.1 inches, and for 1897, 20..'i5 inches, and here again a reference to 
the measurements of growth (see page 69) indicates sufficient moisture 
for the needs of ttie trees. At the stations of Fort Collins, Colo., and 
Logan, Utah, the tree plats were irrigated, and were therefore inde- 
pendent of rainfall. 

SOIL AND SOIL MOISTURE. 

The amount of rainfall is not necessarily au indication of the moisture 
of the soil, and hence of the amount of water available for the roots of 
the trees. A heavy rain mightfall on compact, sun-baked soil, such as 
is common over extensive areas of the West, and by far the greater 
part of the water would run o& and be lost to vegetation because the 
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character of the soil woald not permit its absorption. Herein will be 
found one of tbe most helpfnl uses of groves in Western agriculture. 
The tree tops will protect the surface of the soil, which, after the few 
years' cultivation given tbe trees immediately following planting, will 
become mncb more absorptive than when protected only by the slight 
covering of grasses which nature has placed there. The annual crop 
of leaves falling in the grove becomes an additional absorbent, so that 
tbe grove becomes in time a reservoir of moisture, increasing iu utility 
witfa age. This moisture becomes available to the surrounding fields. 

In tbe sand hills of Nebraska and Kansas, where the soil has bat a 
sUght percentage of clay as compared with its large proportion of sand, 
even after long periods of drought only the few inches of Surface soil 
become dry. Scratch away but a few inches and the sand is foand 
moist to the touch, and this despite an even scantier cover than is 
found iu tbe clay loams that form the typical soil of the plains. This 
would seem to establish the fact that soil moistnrein any given locality 
is quite as dependent, if not more so, upou tbe physical structure of 
the soil itself as upon the amount of rain falling thereon. 

Again, the character of tbe subsoil plays a very important part in 
determining soil moisture. There is always somewhere below the sur- 
face a moisture- bearing layer. It may be deep in the earth, as are the 
strata which yield the water of artesian wells, or it may be on a level 
with the streams, as is tbe case in the great bottom lands of tbe 
Arkansas Biver. But even where the water-bearing stratum is bnt a 
few feet below the surface, if between it and the surface soil a compact 
clay intervene, the results are almost as deleterious to vegetable growth 
as though the ground were dry to an unknown depth. These stiff 
clays are of frequent occurrence throughout the West, and they form 
a practically impenetrable cover to the water-bearing stratum below, 
preventing the upward rise of water by capillarity, as would happen in 
a porous soil. As the dry air is constantly taking moisture from tbe 
surface soil by evaporation, unless the loss thus suffered can be replaced 
tbe supply becomes reduced to a point where only tbe lower forms of 
vegetatiou can be sustained. Tbe loss of moisture can be supplied in 
only one of two ways: (1) by application of water to the surface, as by 
rain or irrigation, or (2) by a rise of water from the lower strata of the 
soil. These lower strata may secure their water supply from far dis- 
tant soorces, the porous character of the subsoil permitting the transfer 
of water for hundreds of miles from the place where it first came to 
earth as rain or snow. 

From what has been said it will be readily understood that, while a 
stiff clay subsoil is unsuitable for trees and should be avoided if pos- 
sible, it yet remains true that the trees themselves by their growth 
gradually improve the soil conditions. By shading the surface soil 
tbey render it much more absorbent, and their roots gradually pene- 
trate the stiff subsoils, thus permitting moisture to penetrate to a 
greater depth thau would otherwise be possible. (.i(h)Q|c 
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The inflneDce of the stractme or consiBtency of soils npon their 
moisture content, and hence apoa tree growth, is nowhere mote evident 
than along the Arkausas Biver. The broad bottom lands of the Arkan- 
sas consist of a rich sandy loam of great depth. The porosity of the 
soil permits the free passage of water — the water level being only 10 
to 12 feet below the surface, with no hardpan intervening. The lux- 
uriant growth of planted trees in this moist soil is phenomenal. At 
Hutchinson, Kans., there are extensive plantations of Hardy Oatalpa 
which average over 20 feet in height seven years tcom the seed. At 
Bocky Ford, Colo., in a plantation which had not been irrigated for 
three years previous to the time it was examined by the writer, the Cot- 
tonwoods were growing as luicariautly as along the bottom lands of the 
Mississippi in Arkansas. 

On the other hand, the effect of a stiff (hardpan) subsoil is equally 
apparent in the growth of trees. At College Station, Tex,, the Brazos 
Valley is underlaid within 2 feet of the surface with a very stiff blue 
clay. The native trees on such lands are so stunted as almost to lead 
one to mistake their identity, and this, too, in a region of heavy rain- 
fall. 

Over much the greater portion of the plains the typical soil condition 
may be stated as follows : A clay loam surface soil, varying in depth from 
1 to 3 feet, dark brown to black in color, of great fertility, underlaid 
with a moderately stiff yellow or yellowish -brown clay to a great depth. 
This clay contains considerable sand, and is frequently characterized 
by small lumps of a calcareous nature, which show white when cut 
through in digging. It is penetrable by tree roots, though not so easily 
as is the looser subsoil of the Arkansas Valley. There would seem to 
be no reason why such a soil, under proper treatment, should not sup- 
port forest growth. Its moisture-bearing capacity will undoubtedly be 
increased by the thorough cultivation of extended areas, and thereafter 
the compensatory action of forest growth will be manifest. Through- 
out the plains the soil in the bottom lauds along the streams is moist 
for a much longer period than the uplands, and success with trees in 
the low valleys is comparatively certain. Bnt the great need of groves 
is on the high lands, where they will act much more effectively as wind 
breaks, and where the water from the snowdrifts which they catch 
will be absorbed by the fields. Hence, wherever x)os.sible high lands 
should be selected as sites for groves, even though a slower growth 
of the trees be secured there. 

ATMOSPHERIC MOISTDEE. 

The great prevalence of winds in the plains region is well known. 
Their action, generally speaking, is to increase the transpiration from 
plants and the evaporation of moisture from the soil, and they may 
thus be considered a hindrance in agriculture, to say nothing of the 
discomfort they cause. Prof. F. H. King, of thtf Univef ^^-frfl^iscon- 
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sin, has published in Bnlletin No. 42 of the Wisconsin Agricultural 
BsperimeDt Station ii^teresting data showing the efiect of wind in 
increasing evaporation, and also the great utility of groves of trees 
as wind-breaks and crop protectors. Doubtless the ameliorating effects 
of wind-breaks would be much greater in the plains than in Wisconsin, 
all meteorological conditions there being more severe. 

Series of observations on atmospheric humidity at the several experi- 
ment stations show that the relative humidity seldom falls below 50 
for more than a day or two at a time, and that such days of extreme 
aridity of the atmosphere are often followed immediately by periods 
when the air is of relatively high humidity, permitting a recovery on 
the part of vegetation from the ill effects of the excessive evaporation 
which must have occurred during the very dry days. It has been 
demonstrated that the amount of evai>oration from plants is directly 
dependent upon the available water supply, other things being equal. 
Of course, a low degree of humidity in the air will tend to increase 
evaporation, and trees can not be expected to make the vigorous 
growth under such conditions that is possible in moister regions. 

The constant winds are a principal factor in the aridity of the plains. 
With no obstruction for hundreds of miles, they blow over an area 
devoid of forests and of large bodies of water. Even in a region of 
abundant rainfall, such continuous air movement would cause greatly 
increased evaporation and have a bad effect on plant growth, but with 
a limited precipitation every means of protection should be employed. 
It is not to be supposed that trees will grow to the size in the wind- 
swept plains that the same species will attain within the forest area. 

The heavy winds of the plains suggest the planting of forest trees in 
masses or large groves, rather than in long narrow strips, as was the 
general practice under the timber- culture law. If ten acres be set aside 
for a grove, the trees will not only form a better windbreak if planted 
in a square or a rectangle of but little greater length than breadth, but 
in their more compact form they will hold the snows better and will 
themselves suffer much less from the action of the winds. The onter 
rowsof trees will afford protection for the greater part of the plantation. 
This tbrm of grove is especially useful if it be protected by pla,nting, 
on all sides and a few rods from its borders, a hedge row of trees that 
shall serve as a wind mantle. In the North such a hedge will cause 
the formation of drifts between the hedge and the grove instead of 
within the grove itself, and the damage by breaking when the snow 
melts will thus be obviated. Moreover, the water from such melting 
drifts is largely absorbed by the soil, and thus saved to the farm. 

SELECTIOir OF SPECIES. 

In the selection of species for Western planting, it is not always 
possible for the grower to be governed exclusively by considerations 
of adaptability to his conditions and utility of the timber. Oftentimes 
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he has hat a limited range of choice, and in sach cases he ahoald con- 
sider first of all the snitahility of the species to the location. It is a 
waste of time and energy to plant Cottonwood on high land, except as 
a roadside tree. While none of the native Bpeciee in the farther West 
occnr on high lands, all preferring the vicinity of living streams, yet it 
has been foand that some succeed wlien planted on high lands mach 
better than others. AtOgallah,in northwestern Kansas, in the groands 
of the State Forestry Station, Hackberry, White Elm, Black and 
Honey Locust, Black Cherry, and Green Ash grow well on high lands, 
their vigor being in about the order named, with Boxelder and Silver 
Maple somewhat leas vigorous. At the Brookings (8. Dak.) Station, 
Bar Oak and Black Cherry are proving well adapted to high land, as 
is also Scotch Pine and the native White Spruce of the Black Hills. 

Of course, where irrigation is practiced the choice of varieties is only 
limited by their ability to withstand extremes of heat and cold. It 
will be readily understood that within the plains— from Texas to North 
Dakota and from Missouri and Iowa to the Sierra Nevadas — there must 
be a careful study of the adaptaticm of species to the soil, climate, and 
exposure of the particular site to be planted. 

In Texas there is a reasonable expectation that the valuable Shortleaf 
Pine {Pinus echinata) will prove useful beyond its natural range in the 
eastern part of the State, while Kock Pine (P. ponderosa scopulorum) 
should prove nseful in the higher lands of the West. This latter spe- 
cies indeed is worthy of trial throaghont the plains region, being 
native of the entire Rocky Mountain region and extending farther east 
(along the Niobrara, in Nebraska) than any Northwestern tree form. 
In Texas and the Southwest several other forms give promise of useful- 
ness that will probably not prove hardy farther north than the central 
part of Oklahoma. The Mesqnit {Pros<^s juUJtora) is a native species 
valuable both fot* its wood and the forage it supplies for stock, which 
should prove an excellent nurse for conifers. The Chinaberry (Jlfeiia 
azedarach) is a rapid-growing species that has been mach used as 
a shade tree in the Southwest, which may prove useful as a dense 
shading nurse for such species as Catalpa, Black Walnut, and the 
Oaks. Both these native forms seed freely and grow readily from 
seed, and may be used to take the place of such Northern species as 
Aspen and Boxelder in mixed planting. Among other native forma 
that will ' probably prove useful in the Southwest the following may be 
mentioned as worthy of trial; Osage Orange, Cow Oak, Hackberry, 
Pecan. 

Oklahoma is the border land where one may find a coming together 
of Northern and Southern species. In the northern part of the Terri- 
tory such species as are commonly grown throughout the Northwest 
are planted, though Boxelder and Silver Maple can hardly be called 
successful. In the southern part the Mesquit is native and the China- 
berry is seen under cultivation. There is offered here a wide range for 
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experimentation to determioe the adaptability of species to tlie climate; 
the settlement of the country being recent, comparatively little plants 
ing has been done. Oklahoma, Kansas, southern Nebraska, and 
southern Colorado should be able to grow a larger variety of trees than 
the more northern States : Bassian Mulberry, Silver Maple, Haekbeiry, 
Black Locust, Honey Locust, White Elm, Catalpa, Black Cherry, 
Cottonwood, Aspen (especially in the West) Black Walnut, Bur Oak 
{Querous macrocarpa). Bed Oak [Q. rubra), Ohiuquapin Oak (Q. acumi- 
nata), Green Ash, White Ash, Red Cedar, Bock Pine, and possibly White 
Fir and Douglas Sprnce, with Scotch and Austrian Pine for the more 
northern part of the region. In addition to these a number of other 
species are doubtless worthy of trial, but only snch are mentioned here 
as nre available by purchase or by collection within the region named. 

From central Nebraska northward the colder temperature will pre- 
vent the use of several species of the above list, notably Bussian Mul- 
berry, Black Locust, Catalpa, and Chinquapin Oak, and north of the 
Iowa line Black Walnut and Honey Locust. In the northern region, 
however, the Birches and Spruces are added to the list. In the ex- 
treme north a very few species are available, the principal ones being 
Boxelder, ^spen. Yellow Birch, Sweet Birch, White Elm, Red Cedar, 
White Spruce, Red Pine, Jack Pine, Scotch Pine, and Austrian Pine. 

In addition to these trees there are several shrubs and small sized 
trees that may prove very useful in Western planting. Among these 
may be named Artemisia abrotanwm tobolskianum, a Russian sage brush 
that has proven a hardy and very vigorous grower from Kansas to the 
Northwest Provinces of Canada. It attains a height of 6 feet the first 
season, and makes a useful hedge for catching snow. One year's trial 
was suiiQcient to demonstrate its uofltness for use in great quantity as 
a nurse in close plautlngj but in wider planting it may perform the 
otBce of soil-cover well, and as a wind barrier and snow catcher it will 
aftbrd great and needed protection when placed to windward of a plan- 
tation. Other east Russian species that give evidence of hardiness 
and vigor are ElfBagnus anguntifolia and Tamarix amurensis. The Rus- 
sian Poplars, which were imported several years ago and which are 
qaite hardy, seem not to be able to resist the heavy droughts that occur 
in the Northwest. They may prove useful for planting near streams 
and in moist soil, but for this purpose there are native species of greater 
value. 

The Yearbook of the Department for 1897 contains a list of ecouomic 
treef) suitable for planting in various parts of the country, and this 
will be found helpful in adding to the varieties above mentioned. 

INTEODUCTION OF EXOTIC TREES. 

It has been frequently asserted that native trees are better adapted 
to the conditions of the country iu which they occur than those imported 
from other countries. While experience shows that this is not even 

t.OO<(IC 
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true in the regions of natural forest growth, in the forestleas region we 
are iu the nature of the case forced to employ trees not native, either 
brought from other parts of our own country, which are climatically 
similar yet different, or else from foreign countries which may offer 
species much better adapted to the arid and snbarid conditions of oar 
Western plains. 

It seemed only proper that at first the adaptability of our very 
varied native flora be tested with snch exotics as bad become fairly 
acclimated, like the Scotch and Austrian Pines, which seem to have 
done fairly well in some of the Northwestern plains. Last year, how- 
ever, under instructions of Secretary Wilson, a special effort was 
inaugurated to find species especially adapted to the arid regions. 

In order to do this systematically and with full knowledge of the 
climatic conditions from which the species came, and with such pre- 
cautions as are necessary to be observed so as to avoid the simui taueous 
importation of undesirable pests, Mr. D. G. Fairchild was employed to 
carry out the following programme, prepareil by the chief of the Division 
of Forestry: 

(a) Eraplo}' a man specially fitted for this kind of acoli unitization work, thor- 
ongbly familiar, by residence, with climatic conditions of the arid regions or part 
of them, who is to devote hie entire time and attention to this one problem, and give 
him opportunity to study the field as well as the literature bearing on this problem. 

(6) Establish (possibly in connection with the experiment stations of AiiKona, 
New Mexico, Colorado, Montana, etc.) trial gardens, where all materials are tested. 

{e) Collect and plant seeds of plants of all the native tree and shrub flora indige- 
nous to the dry regions of our own country, which have never been tested in culti- 
vation and which probably answer best our needs. 

<d) After thorough study of literature, and preliminary correspondence with 
proper persons in foreign conntries, lot the acclimatizator travel through these coun- 
tries to collect plant material. Iraooming familiar at the same tlmn with the otiQiatic. 
similarities and difierences of these countries as . umpared with our own. Some 
material may be got by corruspoudence, but this method will prove only partially 
satisfactory. 

(e) If properly done and superintended, within four yeaia the most uniqne and 
valuable arboreta in the world would thus have been assembled, which would in 
time answer the question as to the most desirable species for planting in the arid 
regions. 

Before Mr. Fairchild had fairly entered ui>on his duties it was con- 
sidered that such a systematic procedure would be desirable in all 
importations, and the whole matter of plant introdnction was placed in 
his hands. 

Meanwhile Prof. N. E. Hansen had been sent on an expedition to 
Kussia, and among the importations secured by him were found the 
following tree species, some of which were already known, although not 
extensively tried: 

Acer tartaricum. Popnlus (4 species). 

Artemesia prooera, Qnercus mougolica. 

Artemesia abrotanum. Salii (6 varieties). 

Carngana (9 species). IJlmus oampeitris microphylla. 

Fraxinnsmaudschurica. Tilia mandschnriOB.- , , ^, r , 
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ABOtber coJlector, Dr. Palmer, going into Mexico, the opportnuity 
was embraced to secure from tbat dry country sach valnable species 
as might be an addition to onr SoatbweBtem States, althoagh some of 
the native species like the Mesqnit stili await trial under cultivation, 
which they have never received. 

Some years ago the Department imported for these regions the Aus- 
tiiilian Wattle Trees (Aceicia decurrens and pycnantka), and for the 
more hamid portions several species of Eucalyptus and the Cork Oak. 
The resnlts seem not to have been very satisfactory (except in Cali- 
rornia), to a great extent, probably, for lack of attention by those to 
whom the seeds were sent. 

The Mexican importations comprise the following: Axmole, sapon- 
iferoas; Oandelilla, orDamental; Ccesalpina cacalaco, tamimg; Gobano, 
timber; Crecentia alata, timber and medicinal; HiiJama, mediciaal, 
edible frait: Pithaeolobium dul^e, tanning, edible fruit, shade; Piths- 
colobium aorwrcB, hedge and timber; St. John's Bread (imported fttim 
Aftica), fruit, forage; Tabebanena donnel-smitkU, or Primavera, timber. 

Kone of these importations have as yet been planted out. They will 
at first be taken care of at various experiment stations, as well as at 
Washington, aud it will take several years before a judgment as to the 
usefulness of these new acquisitions can be had. 

HARDINESS. 

It has been assnmed by many planters that a certain degree of hardi- 
ness is inherent in every species as such, and while this may be true to 
a slight extent it can not be nsed as a basis ibr selection. Were it 
entirely true we should have no need of considering the locality whence 
our stock came.v Ked Cedar from Florida would be just as suitable for 
planting in N'ebraska as Platte Valley Tied Cedar. It is known that 
trees can be grown successfully in a locality where the conditions are 
somewhat, nay, considerably, different from those under which the par- 
ent tree grew. Thus the Bald Cypress, whose habitat is the swamps and 
lowlands along onr Southern rivers, is found to grow well in highland, 
even beyond its natural range. There is a healthy specimen of this 
tree in the grounds of Prof. E, A. Popenoe in the high prairie overlook- 
ing the valley of the Blue Biver at Manhattan, Kans. It wonld be 
unsafe to make hasty generalizations, however. It is known that the 
locality of the parent tree has a great influence upon the hardiness of 
its seedhngs, aud for the West especially, where conditions are uniformly 
more severe than within the forest regions, seed shoald be secured from 
localities most closely resembling that in which they are to he planted. 
The range of successful seedling growth has yet to he determined, and 
it is a practical question for experimental determination. It is impor- 
tant to the seedsman, the nurseryman, and the planter. The seedsman 
should know how far from the place of coliection his seeds will proVe 
satisfactory, for of coarse if the resulting seedlings winterkill or fail to 
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withstand snmmer cooditionB his trade will be badly affected. More- 
over, if seeds can be collected in a locality where they are pleotiful and 
distributed widely a great economy ia effected. The uurseryman's rep- 
atatiou is dependent npon the character of his stock as well as upon his 
personal integrity, so that he shoald have full knowledge of the iofla- 
ence of the locality of the seed trees upon the hardiness of their offspring. 
The planter is more interested, perhaps, than either of the others, as 
the snccess or failure of bis plautation is iDvolved, 

Observations have been made on many species. Mr. Robert Donglas 
reports that the Black Walnut at Waukegan, IlL, when grown from 
native trees, is perfectly hardy, but seedlings from nuts grown in the 
southern part of the State winterkill badly at Wankegan. So, too, 
Douglas Spruce, from seed grown on the western slopes of the Cascades 
in Oregon, with their moist and mild climate, are not hardy in the Mis- 
sissippi Valley, while seedlings of the species from trees growing on the 
eastern slopes of the Rockies, with their dry, rigorous climate, are per- 
fectly hardy. Instances of this kind might be repeated. 

To determine the range of this iuduence of the locality of the parent 
trees upon hardiness, development, and similar questions, the Division of 
Forestry has instituted an experiment in cooperation with thirty experi- 
ment stations. Seven species of deciduous trees of wide natural distri- 
bution were collected at all the stations where they could be obtained, 
and samples of each lot were sent to the entire list of stations. In this 
way seed from each locality was grown side by side with seed of the 
same species from all the other localities, fairly representing the entire 
country. An opportunity was thus afforded for comparative study. 
While the experiment has not yet progiessed far enough for the publica- 
tion of results, there are already significant indications which warrant 
its continaance through a series of years and with many species. 

BULBS POE MIXING SPECIES. 

The choice of kinds to be planted in any locality is, then, dependent 
npon hardiness, adaptability to the particular location (high or low 
land, etc.), availability (ease and cheapness with which they can be 
procured), economic value of the wood, or especial purpose in view 
(wind-break only, or post timber, fuel, etc.). The relative height- 
growth and light reqnirement are the principal considerations that 
determine the mixing of species. In some regions the capacity of a 
species for preserving or improving the character of the soil is also 
important. The following rules for mixing species are taken from the 
Annual Eei>ort of the Chief of the Division of Forestry for 1886 : 

Rule 1. The dominatit species (i. e., the one that occnpies the greater part of the 
gromid) must be one that iuiproveB the soil ooDditions, generally a, shady kind. 

BUI.B 2. Shade-enduring (i. e., densely foliaged) kioda may be mixed together 
when the Blower-growing kinds can he protected or guarded agaiuit the oyershad- 
owiDg of tbe more rapid grower, either by planting tbe alower grower first or in 



greater namben or in Iar)rer speaitnena, or else by entting back the qnicker- growing 

RuLB 3. 8Iiade-endDriDg kiaiU ma; be mixed with light-needing kinds when the 
latter arc either qnioker grnwing or are planted iu advADCt^ of the former nr in 
larger Hpecimens. 

Roue 4. Tbin-foli^ed kinds should not be planted in mixtares by themselves, 
except on very favorable soils, as in river liottoias, marshy soil, etc., wbei« no 
exhanstion of soil humidity need be feared, ur else on very meager, dry soils, where 
most shady trees would refuse to grow and one must make a virtue of necessity. 

Rule 5. The mixing in of the light-foliaged trees in single individuals is preferable 
to placing them together in groups, onless special soil conditions make the occnpa- 
tion of certain spots by one kind, which maybe better adapted to them, more desira- 
ble — as, for instance, the ash in a wet ground (slongh). When a slower-growing, 
light-needing kind is to be grown side by side with a qui cker-(!7o wing, shady one— 
ae, for instance. Oak and Catalpo— a group of Oaks will have more chance to with- 
stand the shade of the densely Inliagitd Catalpa than the single individual. 

In the expertmeiital jtlantings of this division a number of mixtures 
are given which are at variance with the rules above quoted. The par- 
pose in view is to demonstrate the effect of variona methods of mixture 
on the species used, and to make observations upon the growth of the 
more valuable timber species when surrounded by different shade iiifln- 
ences. There are more cloudless days in the plains than in the Eastern 
forest region, and this change in light conditions may affect the growth 
of tree species differently. Many combinations have therefore been 
made, the purpose in view being entirely experiment-al. 

PURE PLANTIMGS. 

By pure plantings are meant plantations in which only one sftecies 
has been used. TTnder the great majority of conditions* pure planting 
is not advisable, particularly so on highland. Where there is a con- 
stant supply of moisture, as near a running stream or iu bottom lands 
with a porous subsoil, groves of a single kind of trees will frequently 
thrive as well as mixed groves. 

The same species, especially if a light-needing one, planted where 
there is a stiff subsoil, or in a drier locality, will grow well for a period 
of twenty to thirty years, wlien the trees will die rapidly, and at the 
time when they should be in the most vigorous health they fail com- 
pletely, because they were unable to keep out weeds and shade the soil 
sufficiently to prevent its drying out. 

At the Kansas Agricultural OoUege there is a pure planting of Silver 
Maple, about twenty-flve years of age, which began failing about five 
years ago, and in which there is now hardly a single healthy tree. This 
grove is on an eastern slope, with rather thin soil on a limestone sub- 
soil — conditions not suitable for the species, which requires a deep, 
fresh soil. 

Mr. C. E. Whiting, of Monona County, Iowa, planted a grove of 
Silver Maples in 1873, which thrived until they reached an average 
height of 60 feet. A few years ago they began to fail, and very few 
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now remaiu. These were set in the second-bottom land of the Missonri 
Blver, a much more favorable location than the one above cited in 
Kansas. The failure of pure-planted Cottonwood groves from ten to 
thirty years old has t>een so common throughout the Weat that special 
instances need not be cited. These are short-lived trees, and under the 
most favorable natural conditions, as in the immediate vicinity of 
streams, they thin out rapidly as they approach maturity; so that it is 
uot surprising that they should die young when set in artificial groves. 

In the case of longer-lived species, such as Black Walnut, White 
Elm, the Ashes, and Oaks, pure planting is inadvisable because the 
trees grow so slowly in youth that it takes them a long time to shade 
the ground, thus either requiring coutinued cultivation through sev- 
eral years, an expensive practice, or else resulting in the checking of 
growth by grasses and weeds. Many species, under the most favorable 
conditions, do not make a shade sufficiently dense to prevent weed 
growth. Such trees are unfit for pure planting, not only on this a«- 
couTit, but because, having light foliage, the lower limbs continue (« 
develop through a long period of years, and the trunk is thus either 
very short, or else knotty, either condition impairing the value of the 
timber. 

The only places where pure planting is advisable is in swampy land, 
where the conditions are such that but few species will grow at all, or 
on very sterile lands, for the same reason. In all other cases a mixture 
of varieties is best, in which there shall be species especially adapted 
to various uses, set among nurse trees which will force them to grow 
tall and straight. 

MIXED PLANTINGS. 

Except for comparison, only mixed plantings have been tried in these 
experiments. The mixtures have been designed to include a varying 
number of species iu different proportions, and have had always in 
view the light requirement of the several species used. Inexpensive 
quick- growing material has in all cases formed much the greater paiC, 
and the slower-growing species have been placed at greater distances, 
so that in thinning they would not be disturbed. This cheaper plant 
material is designed to nurse the more valuable sorts through their 
earlier years, and insure their becoming established. 



Trees which are planted with others in order to inilueuce their growth 
are called nurses. Their purpose is to create conditions favorable to 
species that are difQcult to establish, by affecting the light conditions 
surrounding them and by furnishing soil cover. The value of a species 
as a nurse tree depends not at all upon its utility as timber, bnt 
altogether upon its habit of growth. In' the treeless region a good 
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nurse tree sTiould grow rapidly diiriDg the first few years to afford 
protection aa sooa as possible and either moderately or very slowly 
thereafter. Within the forest area rapidity of early growth is less 
important. As in the human family, the nurse loses its usefulness 
when its prot^g^ becomes old enough to take care of itself. 

Ifurse trees have always as their principal object a helpful effect 
upon those among which they are planted. They may produce the 
poorest quality of timber themselves, or may even never grow large 
enough to make timber of any kind, and yet be of the greatest value 
to the plantation. 

The Boxelder, one of our most useful species for Northwestern plant- 
ing, because shady and most readily grown, is shortlived, makes a 
crooked stem, inferior in quality even for fuel, and is neither a strong 
nor durable wood, but many valuable species are the better for growing 
Burrouiided by Boselders during their youth, and hence it deserves a 
place in every plantation in the Noithwest. 

The nurEC tree is of the greatest importance during the first ten to 
twentyyearsof the plantation's history. It will frequently, in the first 
few years, seem to threaten to crowd out the trees which it is intended 
to benefit, but this is a danger more apparent than real, for if a grove 
be properly designed, the more permanent trees require just such 
crowding in order to insure their best development. If the nurse trees 
are permitted to remain in the plantation too long, or are allowed to 
encroach upon the main crop, they may become a positi^ve detriment 
instead of a benefit. 

There are two groups of nurse trees — those with thin foliage, making 
a slight shade, which are principally useful in protecting the infancy 
of trees difficult to start, but of vigorous aftergrowth; and those hav- 
ing deoBe foliage, making a heavy shade which will prevent the 
growth of side branches on their charges by cutting oft' all the light 
except that directly overhead, and to serve as soil cover. In the first 
class are Aspen and Cottonwood; In the second, Boxelder, Silver Maple, 
Eussian Mulberry, and Chinaberry. 

It will be readily understood that these two groups of species have 
a widely difierent eflect, both upon the trees they are intended to bene- 
fit and opon the soil. The thin-foliaged kinds will not prevent weed 
growth, since their shade is so slight that almost all the grasses and 
weeds are but little affected by it, and they will thus be of slight bene- 
fit in shortening the period of cultivation. But they create a condition 
seemingly favorable, especially for the conifers, in the plains where the 
excess of bright sunshine is in striking contrast to the native environ- 
ment of most young evergreens. 

Within the White Pine region, when fire has destroyed the forest, 
it has been observed that the first trees to appear in the burned dis- 
trict are Poplars (Aspen) and Birches, and when these have attained 
a height of from 5 to 10 feet many young Pines aud other evergreens 



may be found groving id their shade. Id the deDser shade of mature 
Hemlock, for instaDce, comparatively few seedliug PIdcs are fouod. 
The seed -would germinate there, bat the plants could not thrive in 
such dim light any more than they conld in the full saushine. 

Acting upon this observ^ntion, plantings were made the past season 
of Aspen and Birches at all oqf statious, having spaces at intervals of 
8 to 12 feet, in which varioas species of Pine, Sprace, and Fir will be 
planted when the nurse trees have fi-om oue to three years' start. So 
far as known this is the first experiment of this kind that has been 
andertaken in the West. 

The Aspen {Populua tremuloides) should be a better tree for this 
purpose in the plains than either the Cottonwood [Populus deltoides) or 
the Biruh {Betula lutea), because its shade is the least dense and its 
vigorous growth lasts a shorter period. The Birch, which in its native 
woods has a rather slender habit of growth, iu the bright sunshine of 
the plains becomes stalky and densely leafed. This has been observed 
at the statioDs iu South Dakota and Kebraska, and may result iu a 
totally different effect upon the conifers to be set with it than has been 
observed in the natural forests. Indeed, it may be said iu passing that 
the intense light of the plaiiis region, do less than the widely differing 
soil and moisture conditions, is apt to have a pronouDced effect upon 
the development of species native of cloudy, moist localities. 

Other light- foliaged trees that may serve equally well as nurses, 
especially in the Southwest, are the Black Locust, also called Yellow 
Locust (Robinia pseudacada), and the Mesquit (Frosopia juliftora). 
These species have the advantage of being valuable timber trees. 

The Black Locust is like the Cottonwood in being a gross feeder, 
and this habit may prevent the use of either species as a nurse for 
conifers, which in several species are slow to become established. 
Like the Cottonwood, too, it is a thin-foliaged, light- demanding species. 
So far as known the Mesquit has never been tested in artificial groves. 

The use of quick growing, densely shading nurse trees has been more 
thoroughly tested, and results have already been reached which fully 
warrant the practice. They are especially valuable where broad-leafed 
trees only are planted, and as the price of evergreens has hitherto pre- 
vented their extensive use in the plains, the employment of dense- 
shading nurse trees is worthy of somewhat extended discussion. 

A plantation of Green Ash or White Elm, two of the most widely 
successful species that can be grown iu the plains, can best be estab- 
lished by covering one-half to three-fourths of 'the ground with Box- 
elder or Russian Mulberry, and setting in the desirable Ash and Elm 
at regular intervals. Planted by themselves. Ash and Elm will each 
make more vigorous growth thau when surrounded by the other 
species, because they are both light-loving trees, and in the full sun- 
shine they will throw out many branches, spreading their tiny ctowdb 
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in macb the mauuer of the fully developed tree. But despite this 
more laxorioaa growth they do not make safficient shade to protect 
the soil beneath them, and unless cuItivattoQ is thorough there will 
soon be a compact sod of the strong-growing prairie grasses among 
the trees that will take from them inach of the soil moisture and thus 
materially check their growth. The same thing is true of all the more 
valuable broad-leafed trees. The Black Cherry, although a dense- 
shading species while young, does not grow rapidly enough to be ased 
as a nurse tree, and is too expensive. Oatalpa, a good shade-making 
tree iu midsummer, is about the last species to leaf out in tbe spring 
and the first to drop its foliage in autumn; moreover, its branches are 
BO persistent that it needs the help of a denser-shading variety to uheck 
lateral growth at the earliest possible moment. 

The other economic species that are easily obtainable in the West — 
the Oaks, Chestnut, Walnuts, Hickories, Tulip, and Locusts — will all 
profit by the protection or formative influence of a good nurse during 
the first ten years after planting. 

The conifers that have been planted with dense-shading nurse trees 
in the West have succeeded well, and have stood more shade than one 
wonld suppose. At the Brookings (8. Dak.) Station White Spruce and 
Colorado Bine Spruce are completely overtopped by the nurse trees 
which surround them and show no disti-ess, while Scotch Pine and 
Earopeau Larch fully equal in height the Boxelder and Maples with 
which they were planted teo years ago. 

From the standpoint of the farmer, dense shading uurse trees are 
useful because tbey reduce the period of cultivation and the consequent 
cost of the plantation, and greatly increase its efi'ectiveness as a wind- 
break. To accomplish this purpose, the nurse must be a rapid growing 
or spreading species that shall completely shade the ground, when 
planted 4 by 1 feet, at tbe close of tbe second or third seasou. 

Using such a tree, it will be found that tbe second year cultivation 
will be somewhat interrupteil by the giowing lateral branches, while 
during the third year not more than half the cultivation required tbe 
first season will be necessary. If any, and thereafter there will be no 
need of cultivation whatever, provided the density of the crowns is 
preserved. Contrasting this with the care of a grove in which light- 
foliaged species, such as Cottonwood or Aspen, form the m^ority of 
the trees set, or one in which the trees are planted at greater dis- 
tances, it will be seen that continued plowing is necessary to keep down 
the weeds and grass. 

It may seem unnecessary to keep tbe soil freeof weeds and grass,but 
itshould be remembered that tbemostimportant&ctor in all cultural 
operations in the drier parts of the country is the saving of soil moisture. 
With a limited rainfall iiiid excessive evaporation, the farmer is com- 
pelled to save to his plants, by every device iu his power, such moistui'e 
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as comes to his fields. He can not afford to permit grass and weeds to 
rob his youug trees of moistare auy more than he can permit tliem to 
rob his corn. When once the trees have completely shaded the ground, 
no other growth is possible. 

Among the qaick-growing, densely foliaged trees only one species 
seems eapecially valuable as a nurse tree in the colder parts of the West, 
and that is Boxelder. Farther south the Silver Maple and Kussiao 
Mulberry may be used, while in Texas it is thought the China Berry 
will prove a valuable nurse tree. The Umbrella tree {Melia azedaraei 
var, umMli/era) should prove even more useful in the same region. 

Artemisia (A. abrotaiuim tobolstdanum) has been planted as a nuree 
in various mixtures at several of the Western stations. It is perfectly 
hardy, but is an extremely vigorous grower, and cuttings when lees 
than two years planted have grown so rapidly that It has been neces- 
sary to cut them back severely to prevent them shading ont the more 
valuable trees. Artemisia is a tall growing bush, sending up many 
stems from the collar, and it has been found necessary to remove all the 
stems bat two in their second year. It grows readily from cuttings, 
and is sure to prove useful as a surface wind break, though it will prob- 
ably prove too rampant a grower for nse as a nurse. As a nurse it will 
have to be handled with the knowledge that in the first season it will 
spread enough to cover 6 square feet of ground, but after that not gain- 
ing much in size. 

Elwagnua angustifoHa, the Bussian Wild Olive, has been recom- 
mended as a nurse tree for use in the Northwest, being perfectly hardy, 
as also has Tamarisk (Tamarix amurensis), a Kussian form of the well- 
known ornamental shrub, though the latter seems hardly a dense 
enough grower to be as useful as Boxelder. 

THE USE OF BVERQ-RIiENB IN WESTERN PIiANTINa. 

It will be observed in the experiments hereinafter noted that in all 
the plats set in 1897 spaces were left to be filled in with evergreens. No 
one questions the great value of this class of timber trees for grove 
planting in the West. The fact that they retain their leaves through- 
out the year makes them the most useful species that can be employed 
in making wind-breaks, while their erect habit of growth and strong 
light wood gives their timber peculiar value in farm constrnctioii. 
The principsJ difficulties heretofore experienced iu western conifer 
planting have been the high price of stock and the poor average 
stand secured. Doubtless the cause of the high prices charged by 
nurserymen for evergreens has been the small quantity of such stock 
demanded by the market. In nursery operations a great quantity of 
trees can be grown for very little more money than a small quantity, 
and if the nurserymen could be assured of a large market, there would 
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be a proportionate decline in prices. The Department of Agricultnre 
pnrchased in the aggregate 885,000 couifers duriug the spring of 1897. 
The trees were all seedlings two to three years old, except snch as had 
to be dag in the forests, which probably ran from three to seven years, 
The standard nursery varieties, anch as White, Scotch, and Austrian 
Pine, White and Norway Sprace, cost from $2 to #4 per thousand. 
Nursery-grown Doaglas Spruce were secured at #6 per thonsand, and 
wild seedlings of Eed Pine for $12.50 per thousand. It must be under- 
stood, of course, that these prices, so mucli below the rates quoted in 
the nurserymen's catalogues, were due to the large blocks of stock 
taken; bat they demonstrate that evergreens can be sold at a much 
lower price than is now commonly demanded. It will be observed 
that there is a wide range in the price of stock. The farmer might 
not find it profitable to use pines at $12.50 per thousand, but if he can 
bny them at $3 per thonsand there is no class of stock that rx>uld be 
so profitably employed in western planting. Even at this rate, how- 
ever, with the heavy per cent of loss that follows ordinary methods of 
handling, the stock is expensive by the time the young trees are well 
established. 

As will be observed in the records of work at the several stations, 
the great difScalty in growing conifers in the plains is in getting them 
safely through the first year. If seeds are used the tiny plants are in 
danger of "damping off" before they are three months old; and if 
young plants are purchased, their first year in their new location is 
beset with constant difficulties. 

The methods of planting in our experiments are detailed in another 
place and need not be repeated here. But in commending the ase of 
conifers in the treeless region, it is no more than just to poiut out to the 
intending planter that no method of ti-eatment that we have yet 
employed has been successful In a marked degree, although the occa- 
sional specimens seen prove that under favorable circumstances success 
is possible. Underplanting among box elders that are about 10 feet 
bigb resulted in a fair admixture of conifers, but the per cent of loss 
was very heavy (see South Dakota), while underplanting among large 
Silver Maples, as attempted in Kansas, was a complete failure. The 
attempt to grow the common evergreens In nursery rows and in screened 
beds, while not altogether discouraging, was far from satisfactory. In 
South Dakota, Nebraska, and Kausas no attempt was made to provide 
for the watering of the trees, and this was probably the principal cause 
of failure. I have uo doubt, with facilities for watering, and provided 
the young conifers arrive in good condition, they can be grown with 
but slightly more loss than will result in deciduous trees, particularly 
in the eastern part of the forestless region. If the farmer can provide 
a brush screen for bis evergreens after getting them into the ground in 
good shape, and then have the nursery bed near enough to the wind- 
20191— No. 18 3 
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mill puiup to admit of flooding it occasionally daring dry weather, there 
would seem to be no reason why the trees would not grow well. The 
arrival of the stock in good condition, and care in planting to protect 
the roots from drying and to set the plants firmly at the same depth 
they stood before is of great importance, fornoamoant of after carecan 
compensate for neglect in handling. 

There are occasional years in theplains when the season is altogether 
favorable for tree coltore— years of anusual rainfall and a consequently 
plentiful supply of moisture. If such seasons could be foretold no 
especial difBculty wonld be experienced in securing a stand of conifers. 
It was in such a season that the South Dakota planting of 1889 was 
made, of which details arc given on pages 65-7. 

In dry years the difficulty of securing a good stand is greatly 
increased, and it is for this reason that a good water supply will be 
found of particular value. Having established the yonng seedlings iu 
nursery, they can be transplanted to their permanent places from time 
to time, taking advantage of fiivorable conditions of weather and soil 
moisture. It will be possible for the farmer to take up the plants witb , 
balls of earth attached, and thus more thoroughly protect the roots 
from exposure tban can be done where the trees are received fh)m com 
mercial growers. The method here suggested demands a great deal 
more labor than is involved in handling the common deciduous trees, 
but once a etand of evergreens is secured the grove of which they form 
a part is so much enhanced iu value that the additional labor ^jii 
prove the best possible investment. The evergreens form the ideal 
wind-break. In the margin of the plantation they carry their branches 
to the ground, thus turning the strongest winds, while everywhere 
they present a compact mass of foliage which makes them many times 
as efficient as broad-leafed trees in breaking the force of winds, espe- 
cially in winter, when there is the greatest need of protection. 

Taking no account of the labor involved, at $3 per thousand, tlie cost 
of stock established in the plantation, if only 25 per cent of the trees 
were saved, would be $12 per thousand. I question if the farmer lives 
in the treeless region who would not consider his farm increased many 
times $12 by the presence of a 10-acre grove in which there were 1,000 
thrifty evergreens. In point of fact, a 10-aore grove should, at the age 
of 10 years, contain at least 3,000 evergreens, and with such a stand 
there is a large margin for expense and loss between the original cost 
of the conifer stock and the actual value of the plantation. 

BXPERIBOINTAL PLANTATIONS. 

Experimental tree planting in the West first received the attention 
of the Department iu 1891, when an arrangement was made with Mr. 
Edgar G. Bruner by which he was furnished stock for planting three 
acres, according to plans furnished, in the Sand Hills of Holt Ooonty, 
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Nebr. The result of this ezperimeDt is recorded in the Beport of the 
DiviBion of Forestry for 1891, Owiog to the distance of the Bruner 
ranch from the railway (25 miles), and the coQseqaent difflcalUes of 
JDspectioD, it was thought best to abandon the plantation. It is suffi- 
cient here to say that the trees were planted on the crest and higher 
slopes of a sand ridge which supported a sparse growth of prairie 
grasses. Three plats were set in different mixtures and by different 
methods, as follows : In plat 1, only conifers, Jack (Bauksian), Scotch, 
Austrian, Bed, and Bock (Bull) Pine, Douglas Spruce, and Arbor Yit^ 
were used, nearly one half the trees being Jack (Banksian) Piue. 
The land was not plowed, bat furrows were turned for the trees to be 
set in, the intervening spaces being left undisturbed, the purpose being 
to prevent the shifting of the sands. In plat 2, a mixnre of conifers 
and hardwoods, three-fourths of the trees being of the latter type, were 
set as in plat I. Plats 3 and i were plowed, and the trees were two- 
thirds conifers and one-third hardwoods. 

The plats were examined by the writer in 1894, and the only one 
which had made a stand was plat 1, which was planted 2 by 2 feet apart, 
and had received no cnltivatiou; the Jack (Banksian) Pine seemed 
thoroughly adapted to the locality. The growth, while not large, was 
healthy and stocky, and the plat made a bright green mass in the brown 
and dry grasses visible from a distance of several miles. None of the 
other species had become well established, a few trees only of Bed, Bock, 
and Scotch Pine having grown. In the other three plats scarcely a tree 
had survived. 

The experimental plantings herein described were begun in 1896. 
The first plantations were located on the farms of the State Agrical- 
tnr^ colleges of South Dakota (Brookings), Nebraska (Lincoln), Kan- 
sas (Manhattan), and Colorado (Fort Collins). Daring the yetu" 1896 
arrangements were made for establishing stations at the Grookston and 
Qrand Bapids fiirms of the Minnesota Agricultural College, and at the 
State Agricultural College of Utah, at Logan. During the present year 
arrangements have been made for extending the work, the new stations 
including the agricultural colleges of Texas, at College Station; Okla- 
homa, at Stillwater, and Montana, at Bozemau. 

The basis of these experiments is the following agreement, prepared 
in the Department of Justice by request of Secretary Morton: 

AOREEMEKT made this 24th day of November, 1896, by and between the Seoretar,v of 
Agricnlture, heieinaftei called "the Secretary," and the Hoard of Regenta of the 
State AgrioDltaral College, herciuaftor called " the College." 

I. Tha College agrees that n parcel oi paruels of land of said college, located as may 
be hereufter iwreed upoD, and not exceeding twenty-live acres in the whole nor ten 
acre« for the first year, shall be placed nnder the abBolnte control of the Secretary to 
enable bini, acting through the appropriate officials of tbe Department of Agricul- 
ture, "to experiment and continne an inrestigntion, and report on the subject of 
forestry and timbers, for traveling and other necessar; expenses in the investigation, 
and for the collection am! distribution of valnsble and economic seeds and plants." 
in accordance with tube provisions of an act of Congreu of April 25, 1896, entitled 



"An act makioK appropriationa for the DopartmeDt of Agriculture for tbo year end- 
ing Jnne 30, 1897.'' 

II. Tbe Secretarya^reea that be wUl furnish anitable plana for the pliuiting of trees 
B8 well as of all material for planting; that he will direct tbe care and management of 
tbe trees so plantodj that such planting and antisequent care and management shall 
be under tbe imumdiale Buperviaion of an officer of the aaid college or ol tlie Division 
of Foreatiy , as tbe Secretary may determine, said oltlcer to be uuder tlie direction of 
tbe Chief of tbe Division of Forestry; and that the labor on said land, being fur- 
nished by the said college as it ia hereby agreed that it may be, the same shall be 
paid for by tbe Department of Agriculture on properly certified accounts in the man- 
ner proTided for by the rules of said Department. 

III. This agreement is to continue in force until terminated by the Secretary, or, 
if not Booner terminated, until the experimental stage of said forest plantation is 
past; and upon its termination all improvements upon the land covered by this 
agreemeat shall become the property of the College. 

The Board of Reobnts op th) 

, Secretarg. 



Several lines of inquiry have led to the establlBhnient of these forest- 
tree planting experiments. Detailed knowledge of succesaful forest- 
tree planting is very meager in America, and in the treeless regions, 
where more planting has been done than vithin the forest area, snc- 
eessful methods of selection, planting, and treatment are yet to be 
formulated. Such facts as have been proven by experience stand iso- 
lated; no rules of procedure have been determined. Each planter has 
nsed such materials as were nearest at hand, and followed methods 
based not upon a knowledge of trees and their needs, but npon hie 
experience as a farmer. 

Thus, the light requirement of species and their judicioas mixture 
have had no place in "tree-claim" planting. The experiments which 
the Division of Forestry has undertaken have as their objects the 
determination of the adaptability of our principal economic species to 
the plains, and successful methods of planting and after treatment that 
shall be within the range of the average farmer. It is hoped that from 
these experimental plantings, though they cover bat limited areas, 
results may be gained that will prove practicable in larger operations 
should opportunity come for undertaking them. 

From the, passage of the "timber-claim" act of 1872 until now the 
usual custom in the West has been to plant trees of one species in an 
entire grove, with wide spaces between the treea Even when more 
than one variety has been used the custom has been to plant the 
several varieties in groups by themselves, 

It is proposed in the coarse of these planting experiments to under- 
take methods which may, in some instances, be at variance, not only 
with established practice, but which even give seemingly little promise 
of success; for it is believed that much may be learned in the way of 
negative resalts if the caase of failure is found. The fundamental 
purpose of these plantings is to secure a sound basis for future practice, 
and hence a wide latitude will be permitted in planning the experiments. 



BOTANIOAL LIST OF TREES USED IN THE PLANTING BXPEBIMENT8. 



SdenUfia name, 

1. PiDTia strobne. 

2. Piudb resinosa. 

3. PinuB pouderosa var. aci 

4. Pinna divericata. 

5. Pinna aylrestria. 

6. PinuB anatriaca. 

7. Larix laricina. 

8. Larii enropFea. 

9. Picea canadeoeis. 

10. Picea ezceUa. 

11. Pseado-tanga taxifolia. 

12. Abiee concolor. 

13. Jauiperna vliiciniaDa. 



14. Juglana nigra. 

15. Popnlns tremnloides. 

16. Popnlns deltoiel«». 

17. Popnlns oertinenaia. 

18. Betnlaalba. 

19. Betnlalntea. 

20. Betnlalenta. 

21. Ostrya virginiana. 

22. Caatanea dentata. 

23. Qnercuaalba. 

24. Qnercna macrocarpa. 

25. Quercus ptinna. 
2G. Qnercns platanoidea. 

27. Qneicns rubra. 

28. Ulrans americana. 

29. Morna alba tatarlca. 

30. Liriodendron tnlipifeta. 

31. Pmuna eerotina. 
33. Gleditsla ttiaoanthoH. 

33. Robinia psendacacia. 

34. Acer saccharinnni. 

35. Acer negnndo. 

36. Fraxinus americana, 

37. Frasinna lanceolata. 

38. Catalpa speoiosa, 

39. Artemieift abrotanura var 



CONIFEROUS SPECIES. 

White Pine, 

Red Pine {Norway Pine). 
opnlarum. Rook Pine <Bnll Pine). 

Jaoli Pine (Banksian Pine). 

Scotch Pine. 

Anatriaa Pine. 

Tamaracb (American Larch). 

Enropean Larcb. 

Wliite Spruce. 

Norway Spruce. 

Dongtas Sprnce. 

White Fir (Silver Fir). 

Red Juniper (Red Cedar). 

BROAO'IXAFKT) BPBCIES. 

Blaok Walnnt. 

Cottonwood. 
Bnasian Poplar. 
Enropean White Birch. 
Yellow Birch. 
Sweet Birch. 

Hop Hornbeam (Ironwood). 
Chestnnt. 
White Oak. 
Bnr Oak. 
Chestnnt Oak. 
Swamp White Oak. 
Red Oak. 
White Elm. 
Rnssian Mulberry. 
Tnlip Tree. 
Black Cherry. 
Honey Locust. 
Locust (Black Locnat). 
Silver Maple. 
Boselder. 
White Aeb. 
Green Aah. 
Hardy Catalpa. 
tobolakia- Artemisia. 



Note. — The acientiQc and common names of treee uaed in thia bnlletin are thoae 
adopted in Forestry Bulletin No. 14, Nomenclature of the Arborescent Flora of the 
United Statea. 

Following IB a list of tlie plantatioos made by the Department tbns 
far, Trith notes on the stand as reported by the several professors 
of horticulture directly in charge of them. The mixture adopted in 



the several plats is shown by diagram, and a careful study of these 
diagrams will suggest to the reader a suitable mixture of such species 
as he may have available for his own planting, 

KANSAS. 

(Agricnltarnl College Fnrni, MasLattan.) 

At this station the college had already planted about 10 acres in 
forest plats, a part of which was tamed over to the Department for 
nnderplanting, together with 6 a«res of unplanted land. 

UNDERPLANTINO. 

About 3 acres had been planted to Silver Maples, most of which 
had begun to fail when the division assumed charge of the work, in the 
spring of 1896, which gave an opportunity to establish a growth of 
conifers in the protection of the maples. The grove was planted 
between twenty and twenty-five years agO; the trees now averaging 
about 40 feet high. Very few of the trees were in perfect health, 
but there was a sufficient stand to make an almost eoutinnous shade 
over the plat. A scattered undergrowth of Hackbeiry, Gooseberry, 
Prickly Ash, Dogwood, Elder, Buckberry, native Red Mulberry, Red 
Elm, White Elm, Catalpa, Chestnut Oak, Bed Bud, and Sumach has 
spruDgap among the trees since cultivation was stopjted. A slight weed 
growth and some grasses also occur, making in all considerable soil 
cover. 

The location is on the slope and crest of a slight bill, the crest being 
the nsnal high level of the rolling prairie. The soil is the black loam 
common throughout the West, underlaid with a coarse gravel or broken 
limestone mixed with clay, below which is stratified limestone. On 
the crest of the hill the soil is very thin, the land being the poorest on 
the college farm. 

The following trees were planted in the maple grove without disturb- 
ing the soil cover: 618 Scotch Pine, 12 to 18 inches high, transplanted; 
545 Rock Pine (Bnll Pine), 6 to 10 inches high, wild seedlings dug in 
Rocky Mountains; 1,155 Norway Spruce seedlings, 6 to 10 inches high, 
nursery grown ; 1,235 Douglas Spruce, 6 to 10 inches high, dug in 
Rocky Mountains, and 257 Bur Oak, 12 to 18 inches high, nursery 
grown; total, 3,810 trees. 

The stock was all in good condition and was planted in with spades. 
At first there seemed promise of a good stand, Professor Maeon report- 
ing 89 per cent of the trees planted alive June 17, but the long hot 
summer played serious havoc with the young trees, and the report of 
October 27, at the end of the growing season, showed but 11 per cent 
of them living. This heavy loss is attributable in part to the too dense 
shading of the Maples, but it is probable that the great demands of the 
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Maples OD the soil moistarewas the real difficulty. The land was tilted 
with the roots of the older trees, leaviug bat little opportunity for the 
conifers to become establisbed. 

This experiment having proved a failure, the Maples were again 
nnderplanted in the spring of 1897 in the following method (the plat 
was cleared in strips, as indicated below) : 



North 




Sofuih 



Fis. 1 Uiagram of imderpUntlng in Eanaaa. 

One-balf of all the clfared strips was grubbed, plowed deep, and 
thoroughly cultivated before planting, while from the other tlie trees 
only were removed, leaviug all undergrowth. In the last half of April 
the cleared spaces were planted with 1,831 Scotch Pine and 316 Greeu 
Ash seedlings, set 4 by 4 feet. Of this planting, 44 per cent was 
reported living in the plowed land and 52 per cent in the unplowed 
land on June 30. In October, at the end of the growing season, 99 
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Scotch Pine and 93 Green Ash were alive in the plowed portion of the 
strips, and 143 Scotch Pine and 83 Green Ash in the unplowed portion, 
a total of 20 per cent of the whole number set In the spring. 

FLAKTINO IN GRASS. 

In the spring of 1896 a plat of one-half acre was planted in the 
unbroken grass land, no preparation whatever Laving been given 
the plat. The land is on the crest of the hill and is unfit for cultiva- 
tion, tbe soil being a gravelly clay underlaid vith limestone. Bine joint 
(Andropogon sp.) and other bunch grasses make a good growth in it. 
The trees were set as near 4 by 4 feet as possible without marking the 
land, and the holes were dug without disturbing the grass cover unnec- 
essarily. Tbe ground was so fall of stones as to make planting diffi- 
cult. One thousand two hundred and nine trees were used — 915 Scotch 
Pine and 294 Bock Pine — both in good condition at planting time. On 
the 17tL of June 80 per cent of the Scotch and 97 per cent of tbe Eock 
Pine were alive, and on October 27, 1896, 60 per cent of the Scotch 
and 21 per cent of the Bock Pine survived. In the spring of 1897 the 
Scotch Pine were replanted, and on Jnne 30 the conot resulted in 726 
Scotch Pine and 60 Rock Pine. In October, 1897, a count resulted 
in 673 Scotch and 26 Bock Pine, 58 per cent of the original planting. 
The trees seemed to be well established, many of the Scotch Pine having 
grown over 12 inches during the season. 

This experiment promises to be a success, since 58 per cent of the 
, number that were originally planted survived tbe second summer. 
Compared with either the nnderplantiag noted above, or the field 
planting which follows, this planting in the unbroken grass lands cer- 
tainly gives very favorable indications. It should be observed, how- 
ever, that tbe grasses in this rocky soil do not form a thick sod, as is 
the usual condition in tbe prairies. Professor Mason writes of this 
plat, under date of June 30, 1897, "Sumach is growing up thick in 
places, forming a good nurse crop for the pines (Scotch). In fact, they 
are making a better growth here than in any other plat. Some have 
grown 18 to 20 inches this season. The Bock Pine were not replanted 
in this plat, and the last year's trees do not seem to be growing well." 
It has been observed at other stations that wild plants of the Bock 
Pine {Pinus ponderosa seopulorum) are difficult to establish and of slow 
growth the first few years. 

FIKLD PLANTING: 

In April, 1896, a plat of 1.11 acres, occupying the crest of a ridge, 
soil very thin, clay loam mixed with gravel, with gravel subsoil on 
limestone, was planted to tbe following species: 99 Bur Oak, 99 Iron- 
wood, 391 Bird Cherry, 607 Douglas Spruce, 499 Norway Spruce, 
697 Rock Pine, 782 Scotch Pine, and 3,128 Jack (Bauksian) Pine. The 
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'!*'': Ironwood aod Bird Oberry were in bad condition, having gone astray 
*" in transit; the Jack Pine were wild seedlings, dug in tUe Minnesota 
'''?'- pineries; the EockPine and Donglas Spruce werewildBocky Mountain 

Beedlings, dng in Pueblo County, Colo., and the remaining trees were 

Bursery stock. All were carefully planted with spades. 

On June 17 the conifers were reported a good stand, being 72 per 

. '' cent of the number planted. October 28 Professor Mason reported 38 

~ per cent of those planted alive — Jack Pine and White Spruce having 

made a stand of 56 and 54 per cent, respectively. 

In April, 1897, the blanks in this plat were planted with Artemisia, 
^' Tnlip Tree, Norway Sprnce, and Scotch Pine, and on June 30 the plat 
'' contained the following trees: 1,225 Artemisia, 656 Scotcli Pine, 43 
'"** Rock Pine, 1,580 Jack Pine, 467 Norway Spruce, 165 Tulip, 3 Oak, 50 
^^ Douglas Spruce; total, 4,188. In October, 1897, a count of this plat 
^^' resulted: 1,175 Artemisia, 620 Scotch Pine, 7 Eock Pine, 1,418 Jack 
"'^'- Pine, 293 Norway Spruce, 117 Tulip, 2 Oak, 50 Douglas Spruce, the 
""' total being 58 per cent of the original number planted. 
"'' It will be observed that in this plat, which has received thorough 
"'i' cultivation since it waa planted, the Scotch and Bock Pines have not 
'^ made as good a stand as in the grass plat above noted. It may be that 
*^ in this stony soil the protection afforded by the tall bunch grasses is 
^' more beneficial than cultivation, the grasses not forming a compact sod. 
\b iiiQ conditions noted are common on the bluffs along the Kansas rivers, 

bat it is believed that the location is in no sense typical of the prairies 
f*^ away from the rivers, nor of the plains in the western part of the State. 
I'' Regarding the trees set last spring (1897) in this plat Professor Mason 
*'' says: "The Scotch Pines were reset partly from nursery stock received 
''^ this spring, and partly with trees that had grown for a year in nursery 
"* rows here. Of the latter scarcely any died." 



Four plats of somewhat less than 1 acre each were planted in 1807. 
These were all designed with light-foliaged trees as nurses, and in all 
of them spaces have been left for the conifers, which will be planted in 
hereafter, as indicated in the plans. These plats are on high prairie, 
the soil somewhat deeper than in the plats above noted and quite free 
from stones, underlaid with limestone. The land was formerly occupied 
by an orchard, which had been cut out three years previously and the 
field planted tosmall grain, followed by com. In the fall of 1895 it was 
plowed 10 to 12 inches deep, and was in fine condition when planted 
in April, 1897. 
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I'LAT A. — 3 by Hfee% 4,840 treen per n<^e. 
OASAPAEAO 
AAAAAAAAA 
SAPAEASAP 
AAAAAAAAA 
PABASAPAE 
AAAAAAAAA 
BASAPAEAS 
AAAAAAAAA 
OAPAEASAO 

A — ArtemiBia 3,630 

E— WMte Elm 378 

O— Bur Oak .'. 7B 

P-ScotchPine 379 

S— White Bpruoe 378 

The Artemisia, alttiongb hayiog very fine foliage, branches fVeely 
fixtm the crown, and makes a much denser shade than was supposed it 
would, from descriptions received when the cuttings were ordered. It 
is much the most vigorous grower of any plant included in these experi- 
meuts, making frequently a stem 12 inches long from the cutting the 
first year and spreading 4 to 6 feet. It can not therefore be used in 
such dense planting, but has an advantage in covering so much 
ground at once. The Elm and Spruce are more shade enduring thaa 
the Pine, and have been so arranged as to form two thirds of the plat 
after the nurses have been removed. In ease Artemisia threatens to 
shade out the slower- growing forms, it will be cut back sufficiently 
to protect the others. The Scotch Pines were set in at the same time 
as the others, transplanted trees 10 to 15 inches high being ased. 
Spaces for the White Spruce were left, and this species will he planted 
in next spring, so as to have the protection of one year's growth of the 
remaining species. 

On June 30 a count of the living trees in the plat resulted as follows: 
2,355 Artemisia, 19 Oak, 40 Sweet Gum (set by mistake in place of 
Oak), 279 Elm, 190 Scotch Pine, the total being 68 per cent of the num- 
ber planted. Dry weather immediately following the planting was the 
cause of the poor stand. In October, at the end of the growing season, 
a count of the plat resulted as follows: 2,417 Artemisia, 163 Scotch 
Pine, 55 Oak and Gum, 246 White Elm, or 62 per cent of the number 
planted. 
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Plat B.—3 by 3 feet, 4,84.0 trees per acre. 

DPAPBPAPEPAPUP 

PPPPPPPPPPPPPP 

OPBPAPEPAPDPOP 

PPPPPPPPPPPPPP 

BPAPRPAPPPAPBP 

PPPPPPPPPP PPPP 

APRPAPDPAPBPAP 

PPPPPPPPPPPPPP 

EPAPDPAPBPAPRP 

PPPPPPPPPPPPPP 

OPDPAPBPAPBPOP 

PPPPPPPPPPPPPP 

P— Aapen 3,630 

0-Oak (24 by 36) 60 

A-~*Ameiioaa Lntcli ; 655 

B— Bock Fine 202 

B— Red Cedar 202 

D— Douglas Sprace 201 

Tbe Aepeo were one year seedlingB, dog in the woods near Storgeon 
Bay, Wis., sod were slightly mixed with Cottonwood. The Oaks were 
nursery grown, 10 to 16 inches. The Larch were nursery-grown seed- 
lings 10 to 12 inches; they had started growth in traosit, and were 
therefore not in good condition at planting time. Spaces were left for 
the remaining conifers. It will be observed that three-foarths of the 
miztare are Aspen — light foliaged, light-demanding trees. Of the 
remainder, over one-half are also of light-demanding species, the only 
sbade-endaring forms being Bed Cedar and' Donglas Sprace. This plat 
is designed to illustrate the effects of planting a great excess of light- 
demanding species together as nurses for evergreens, which are sup- 
posed to require the protection of other trees daring then: infoncy. 

On June 30 the living trees were 2,752 Aspen (and Cottonwood), 260 
Larch, 33 Oak, or 71 per cent of the trees set. In October the living 
trees numbered 2,367 Aspen, 5 Larch, and 21 Oak, or 66 per cent of the 
original planting. It is hardly to be supposed that the American Larch, 
atree of the northern swamps, will be useful so for south and under 

Dcinz.SDv Google 



conditions so different from its habitat. The species was planted at 
the Kansas, Nebraska, South Dakota, and Crookston, Minn., stations 
to get an indication of its possible onltaral range in the plains. 

Plat O.— 5 hy 3 feet, 4,840 trees per acre. 

BPPBBPPB 

PDBAPDBA 

BBPPBBPP 

PFBCPFBO 

BPPBBPPB 

PDBAPDBA 

BBPPBBPP 

POBOPFBC 

BPPBBPPB 

PDBAPDBA 

B— Bitch (Yellow and Sweet mixed) 1,815 

P — Aspen (and Cottonwood) 1,815 

0— Oat (24 by 36 feet) 50 

F— Green Ash 253 

C— Hardy Catalpa 302 

A— Austrian Pine 3(B 

D— Douglas Spruce 303 

The Birch and Aspen were one-year seedlings from the woods at 
Stnrgeon Bay, Wis. The Oatalpa and Ash were one-year seedlings 
nursery grown. The Oaks were 12 to 15 inch narsery-grown trans- 
plants. Spaces were left for the Pines and Spruces to be set in the 
following year. The plat is designed to test Aspea and Birch, light- 
demanding trees, as nurses for the others, which are so arranged that 
the light-demanding Pine and Ash shall alternate with the shade- 
enduring Spruce and Catalpa. 

On June 30 there were living 1,435 Aspen and Cottonwood, 850 Birch, 
244 Catalpa, 237 Qreen Ash, 40 Oak, or 69 per cent of the trees set 
The count of October resulted: 1,268 Aspen, 710 Birch, 247 Catalpa, 
237 Ash, 40 Oak, or 61 per cent of the namber planted. 
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45 
Plat T>.—3 hy Sfeet, 4,840 trees per acre. 
PEPBPEPB 
BBBCBRBC 
BA BABABA 
B Pi B L B Pi B L 
PB P8PBP8 
BEBCBEBC 
BABABABA 
BPiBLBPiBL 

PEPBPEPB 

P— Aipen 605 

B— Birch 2,117 

A — Artemisia 605 

E— White Elm 151 

S— Catalpa 151 

B—Esd Cedar 303 

Pi— EockPine 303 

L — American Larch 303 

0-WhiteFir 302 

Id tbe above scbeme, ia the third row from the top, reading across 
the page, and iii corresponding rows throughout, A and B should 
change places, bat the plat was planted as indicated iu the scheme. 

In this plat the principal nurse tree is Birch, so arranged that part 
of the Birch can be retained as permanent trees. Blank spaces were 
left for the Bed Cedar, Bock Pine, and Silver Fir. 

Od Jaoe 30 there were living 468 Aspen, 1,153 Birch, 85 American 
Larch, 125 Catalpa, 355 Artemisia, 100 Elm, or 61 per cent of the total 
nomber planted. In October the plat contained 830 Birch, 395 Aspeu, 
34e Artemisia, 83 White Elm, S Larch, 122 Catalpa, or 47 per cent of 
the total number planted. 

KOTES ON THB KANSAS FLATS. 

In the plats planted in the spring of 1897, tight-demanding species 
viz, Aspen, Birch, and Artemisia, have formed three fourths of each 
plat. The Aspen is a light-foliaged tree which does not make a dense 
Bhade, and is short lived. It is believed that it will afford the reqaisite 
protection for Pines, Spruces,- Firs, and Cedars, until they become 
established. With the exception of a few Oaks, all the permanent trees 
in Plat (that is, permanent as compared with the nurse trees, which 
are only intended to stand about ten years) are conifers. In the 
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rflmainiDg plate hardwoods aud conifers are mixed. In all the plats 
it wilt be noted that each permanent tree is entirely surrounded by 
nurses. When the nurses are remored, the plat will show an alterna- 
tiou of comparatively ligbtdemandjng with shade-enduring kinds. 

It must be understood that the shade endurance of different species 
is relative. For instance, in Plat A, the trees aside Irom Artemisia 
stand as indicated in the accompanying diagram: 



O 



P E 



P E S P 

E S P B 

S P E S 

Oak and Pine require most light, Elm less than these, and Spruce least 
of the four; and the two light-demanding species are separated by the 
more shade -enduring forms. 

It is well to introduce a few slow-maturing species, such as Oak, 
Black Walnut, Hickory, etc., in plantings where the soil is adapted to 
them, and by placing them at wide intervals the general development 
of the grove will not be affected by their slower growth. While it is 
true that the Black Walnut is a rapid-growing tree, it does not attain 
its fiill value until very old, aa compared with Elm, Catalpa, Locust, eto. 

Measurements of growth. 

The following measurements of the growth of trees set In 1S96 and 
1897 will give a general Idea of the action of the species named under 
the conditions prevailing at the Kansas station. The measurements of 
trees planted in 1896 give the total growth for two years, while those 
for 1897 give the length of new wood made in that year only — only the 
leading branch being measured. The measurements were taken July 
15,1897: 

Gnmth/or 1896 and 1897. 
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NEBRASKA. 

For the planting ezperimeuts at the State UniverBity experiment 
station a field was set apart on the east side of the university farm, 
adJoiDing a IS-acre grove of pore-planted Cottonwood. The land slopes 
to the east and north and the soil is the typical prairie of the eastern 
part of Nebraska, a black loam, underlaid to an unknown depth with 
» rather stiff yellow clay. The fact that the Cottonwood, which occupy 
tbe low land adjoining the forest plats, has made a splendid growth 
(averaging 60 feet in height at 25 years of age), and form one of the 
best t>ure planted groves of this species 1 have ever seen, indicates 
that the subsoil is sufficiently porous to permit perfect root development, 
while the remarkable growths herein recorded indicate generally favor- 
able conditions, at least during the past two years. 

The field is divided into 1-acre plats, ten of which have been planted 
thus far. In 1896 five plats were planted, the nurse trees being all of 
shade-enduring species. In 1897 five acres were planted, in which the 
nurse trees were all of light-demanding species. In the 1896 plantings 
all the trees were set, while in the 1897 plantings blank spaces were 
left for the conifers, which will be filled the coming year or later. It 
is hoped that the two sets of plats, planted on such opposing bases, 
will demonstrate tbe advantages and disadvantages of both. Tbe 
plantings of 1897 had for their especial purpose tbe creation of condi- 
tions favorable to evergreens, and must be considered from this point 
of view. 

PLANTINGS OF 1896. 

Soti jjreparation. — The land for plats 1 to 5 was ordered plowed 12 
inches deep, but owing to the excessive dry weather of the previous year 
this was impossible. Tbe plowing averaged abont 6 incliesdeep, being 
very irregular. The plats were thoroughly harrowed in the spring and 
were in perfect condition, aside from the shallow plowing, at planting 
time. The soil was tiresb when planting began, having had a good raiu 
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a few days before. There was no rain after April 15 until April 28, 
when 1.2 inches fell. The conifers were planted between showers 
following this heavy rain. 

Condition of stock. — All the stock, except as indicated, was nursery 
grown. The European Larch were leafed oat fnlly one-fonrth when 
planted. The Cherry buds were showing green, the Elm buds were 
mnch swollen^ all other stock dormant and in good condition, except 
the Birch and Black Locust, neither of which started well. The age 
and size of stock was as follows: 

Busaian Mulberry, Silver Maple, Honey Locust, Hardy Gatalpa, 
Black Cherry, Black Locust, and Tulip, one year, 10 to 18 Inches. 
White Elm, Greeu Ash, White Ash, one year, ti to 10 inches. Sweet 
Birch (poor). Canoe Birch, Bar Oak, 12 to 18 inches. Bock (Bull) 
Fine, Douglas Spruce, wild seedlings, 3 to 10 inches, dug in moantaius, 
Beulah, Colo. Jack Pine, wild seedlings, 8 to 12 inches, dug in woods, 
Carlton, Mian., Scotch Pine, nursery grown, transplanted, 12 to 15 
inches. 

Date of planting. — Planting began April 15 and was continued to 
April 20, when all the trees except Jack and Bock Pine and Doaglas 
Spruce were set. These were planted April 28 and 29. 

Plat l.—S by 3 feet, 7,260 trees. 
SADA SADA 
MBMBMBMB 
CELECELE 
MBMBMBMB 
DASADA9A 
MBMBMBMB 
LBCELECE 
MBMBMBMB 
SADASADA 

M — Russian Mulberry 1,815 

B— Jack Pine 1,815 

D— Douglas Spruce 45* 

S— Scotch Fine IW 

A— Silver Maple 907 

E — Enropoan Larch 808 

L — Honey Locust 4M 

C— Hardy Catalpa *53 

Two hundred and forty-three Artemisia cuttings were Babstitnt«d in 
nine rows for Jack Pine. 
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R&ports. 

Professor Card {Horticulturist, Nebraska University Experiment 
Station), May 30, 1896: "30 per cent of pines and 40 per cent of 
larches failed ; others a fair stand." Jane 12, 1896, resnlt of count of 
living trees; 1,772 Bussian Mulberry (98 per cent), 992 Jack Pine {63 
per cent), 162 Artemisia, 413 Douglas Spruce (91 per cent), 29S Scotch 
Pine (63 per ceot), 872 Silver Maple (96 per cent), 642 Earopean Larch 
(71 per cent), 126 Honey Locust (28 per cent), 41 Talip {subatituted for 
Hoaey Locust), and 405 Catalpa {89 per cent). 

October 1,] 896, result of count: 1,779 Russian Mulberry, 833 Jack 
Pine, 145 Artemisia, 847 Silver Maple, 398 Catalpa, 151 Honey Locust 
(and Talip substituted), 296 Scotch Pine, 392 European Larch, 233 
Douglas Spruce; or 70 per cent of planting. 

April 15, 1897 (count of conifers only): 287 Scotch Pine, 756 Jack 
Pine, 206 Douglas Spruce, 289 European Larch. 

The blanks in Silver Maple, Catalpa, Scoteh Pine, Jack Fine, and 
Earopean Larch were replanted in the spring of 1897. 

June 30, 1897, result of count: 1,800 Bussian Mulberry, 898 Silver 
Maple, 428 Catalpa, 193 Honey Locast (and Tulip 8abstltut«d), 318 
Scotch Pine, 131 Douglas Spruce, 1,004 Jaek Pine, 146 Artemisia and 
IM European Larch; or 67 per cent of the original number planted. 

In July this plat had grown so denae as to render farther caltivation 
impossible, and Dr. B. E. Feruow, on inspecting it at this time, gave 
orders to head in the Mulberries and Maples to prevent their shading the 
couifers too much. The frontispiece is a picture of this plat taken in 
full leaf. 

Count reported October 12, 1897 ; 1,560 Kuasian Mulberry, 590 Silver 
Maple, 378 Catalpa, 50 Tulip, 221 Scotch Pine, 155 Douglas Spruce, 
820 Jack E^ne,317 European Larch; or 56 per centof the original num- 
ber living. Discrepancies in the counts will be observed, ilo Honey 
Locust is reported in this count, and more Larch than were noted in 
the last count. Inaccuracies may be due to carelessness on the part of 
the employee to whom the work was intrusted. 

Whether such close planting is advisable is yet to be demonstrated. 
The principal factors to be considered are (1) cost of stock; (2) cost of 
caltivation; (3) will crowding be too great, necessitating more labor in 
tbiiining, or protecting the permanent trees, than would have been 
required for cultivation at wider intervals, say 4 by 4 feetl (4) will the 
comparatively limited amount of soil moisture sustain such au intri- 
cate root system as will result from the thrifty early growth of so many 
trees! 

The questions of cost of stock and caltivation are so entirely local 
that each planter must determine them for himself. If he can gather 
his own seed from near-by native trees, and grow his seedlings one 
year, the cost of stock ia reduced to a minimum and becomes practi- 
cally nothing. Of course additional labor in planting, at a season of 
20191— No. 18 4 
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the greatest activity ou the farm, must be considered also. The effect 
of close planting on the trees and on the soil can he determined only 
by several years of observation. Thei© can be little doubt that the 
many days of bright suuBhine and the almost constant winds will aftect 
tree' growth very differently ixom what would be observed in the East- 
ern States. 

Plat 2.-3 by 3 feet, 4,840 trees. 

BMBMBMBMBM 

MOMDMPMDMO 

BMBMBMBMBM 

MDMO MDMC MD 

BMBMBMBMBM 

MPMDMPMD. MP 

BMBMBMBMBM 

MD MO MD MC MD 

BMBMBMBMBM 

MO MDMP MDMO 

M — Knaainn Mulberry 2,420 

B— Boxelder 1,210 

C— Black Cherry 303 

0— Bur Oak 75 

P— EockPine 23T 

D—Donglaa Spruce 605 

In this plat (Plate II) Boxelder and Enssian Mnlberry, the nnree 
trees, make np three-fourths of the trees. Of the remainder, three- 
fourths again (Douglas Sprnce and Black Cherry) are shade enduring 
to a greater degree than the Pines and Uaks. Should the Kocky Moun- 
tain conifers become established and prove adapted to the prairies, 
this mixture will prove an excellent one. 

Hearts. 

June 30,1896, result of count: 2,251 Russian Mulberry, 934 Box- 
elder, 138 Artemisia (substituted for Boxelder), 276 Douglas Spruce, 
»6Rock Pine, 296 Black Cherry, and 68 Bur Oak; or 84 per cent of 
total. 

October 1, 1896, result of count: 2,387 Russian Mulberry, 935 Box- 
elder, 134 Artemisia, 23 Rock Pine, 348 Douglas Spruce, 280 Black 
Cherry, 43 Bur Oak; or 88 per cent. (A discrepancy will be noted in 
these two counts, probably owing to greater care in the latter.) 
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April 15, 1897, conat (of conifers only) : 301 Donglas Spruce, 9 Bock 
Plae. The Spruce aud Oak were replauted in the spring of 1897. 

Jnae 30, 1897, result of count: 2,377 Russian Mulberry, 948 Box- 
elder, 269 Black Cherry, U Bur Oak, 120 Douglas Spruce, 10 Bock 
Pine; or 78 percent of original planting. 

Count of October 12, 1897: 1,632 Eussian Mulberry, 903 Boxelder, 
100 Black Cherry, 45 Bar Oak, 209 Douglas Spruce, 117 Eock Pine; 
or 62 per cent of original planting. Compared with the connt of June 
30, it is evident that errors have been made. 

Plat 3.^3 6y 4 feet, 3,630 trees. 

MLMLMLMLM 

C MAMT ME MC 

MLMLMLMLM 

AMTMB MC MA 

MLMLMLMLM 

TMEMOMAMY 

MLMLMLMLM 

E MC MA MY MB 

MLMLMLMLM 

CMAMYMEMO 

M— Bosaian Mnlberry 1,815 

E — European Larch 907 

C— Black Cherry 227 

Y— YbUow Blroh 227 

A— Green Ash 227 

L— White Elm 227 

III this plat no evergreens are used. European Larch, a slender, 
erect tree, is used with Bussian Mulberry as a nurse, and the Larch 
should stand until of good post size. It is probable thai the remaining 
species would have been better disposed bad the Elm come between 
the Birch and Ash. 

Jane 12, 1896, result of count: 1,803 Eussian Mulberry, 573 Larch, 
114 Black Cherry, 100 YeUow Birch, 207 Green Ash, and 207 White 
Elm, or 85 per cent. 

October 1, 1896, result of count: 1,803 Mulberry, 395 Larch, 200 
Cherry, 51 Birch, 205 Aab, and 207 Elm. (First count of Cherry prob- 
ably an error.) Birch, Ash, Elm, and Larch were replanted iu the 
spring of 1897. D„,,z.ao,GoOt^lc 



JuDe 29, 1897, result of count: 1,820 Mulberry, 207 Cherry, 198 Ash, 
215 Elm, 76 Birch, 215 Larch, or 75 per cent of original planting. 

October 12, 1897, result of count: 1,246 Mulberry, 55 Cherry, 150 
Ash, 55 Birch, 306 Larch; no report was made of Elm, and the count 
is evidently incorrect. 

-Plat i.—3 by i feet, 5,445 tree*. 

ACChLECTLA 

BMBMBMBMB 

Ar C At C Ar C Ar C Ar 

MBMBMBMBM 

ELTCALChCE 

B MB MBMBMB 

L Ar L Ar L Ar L Ar L 

MBMBMBMBM 

ACChLECTLA 

A— White Ash 171 

E— White Elm 171 

Ch— Black Cherry 170 

Y— Yellow Birch 171 

C— Catalpa 680 

L— Black Locust 680 

M— Silver Maple 1,361 

B— Boxelder 1,361 

At — Artemisia , 6S0 

111 this plat an attempt was made to plant trees of asefiil timber at 
distances of 4 by 1 feet, filling in with less valuable species as nursea— 
Silver Maple, Boxelder, and Artemisia. Of what may be called the 
permanent trees (those set 4 by 4 feet) two-thirds are of Catalpa and 
Black LoGuatf species especially valuable for post timbers, and which 
could be cut out for this purpose when from 10 to 20 years of age, leav- 
ing the Elms, Birch, Cherry, and Ash at 8 feet apart to reach a larger 
size. Of these four species, the light- demanding Ash and Birch are 
alternated with thejuore Bhade-enduring Elm and Cherry. 

Reports. 

Jane 12, 1896, result of count: 159 Black Cherry, 1,271 Boxelder- 
1,227 Silver Maple, 313 Artemisia, 580 Catalpa, 175 White Ash, 165 
White Elm, 43 Yellow Birch, and 62 Black Locust. 

October 1, lfS96, result of count; 145 Cherry, 1,2^3 Boxelder, 1,201 
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Maple, 308 ArtemiBia, 637 Catalpa, 161 Ash, 101 Elm, 26 Birch, and 62 
Black Locust. 

BlaukH in Artemisia were reset in the spring of 1897. 

June 29, 1897, result of count; 150 Cherry, 1,240 Boxelder, 1,185 
Maple, 736 Artemisia, 5G8 Catalpa, 165 Aah, 165 Blm,24 Birch, and 134 
Black Locust. 

Octoher 12, 1897, result of count: 114 Cherry, 1,254 Boxelder, 1,166 
Maple, 840 Artemisia, 660 Catalpa, 70 Ash; other species not reported. 

Plat 5. — * by 4 feet, 2,722 ireeg. 

O E A O B C 

M L MaL M L M 

D A P E D A P 

M L MaL ML M 

O E A O B C 

M L MaL M L M 

D A P E D A P 

M L MaL M L M 

O-BnrOftk 171 

E— White Elm HO 

'-ISiS! « 

C-Blaok Cherry 170 

Ma— SUver Maple 340 

L— Earopesa Larch 680 

D— Donglas Spmoe 170 

M— Jack Pine 340 

P— Bock Pine 171 

Tulip, Birch, and Artemisia were substituted in small quantities for 
Elm, Ash, Larch, and Maple. 

This plat occupied the highest land in the plantation. The reports 
have not beeu satisfactory, as some of the species which are not men- 
tioned in the first report are uoted later. 

B^orts, 

Jnue 12, 18%, result of connt : 166 Oak, 337 Larch, 22 Birch, 95 Pine, 
308 Elm, and 332 Ash. 

October 1, 1896, result of count : 315 Silver Maplo, 93 Oak, 246 Larch, 
12 Pine, 96 Donglas Spruce, 171 Cherry, 272 Elm, 332 Asb. 

In the spring the blanks iu Silver Maple, Elm, Oak, and Larch were 
reset with Maple, Artemisia, Tulip, and Larch. ,-. , 
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Jaiie 29, 1897, resnlt of count: 631 Silver Maple, 206 Artemisia, 331 
Aeli, 204 BJm, 40 Tulip, 174 Cherry, 18 Birch, 476 Larch, 35 Doaglae 
Spruce, 18 Pine; or 78 per cent of oriffinal nrnnber planted. 

October 12, 1897, resnlt of count: 250 Silver Maple, 340 Artemisia, 
200 Asb, 100 Elm, 150 Cherry, 310 Larch; remaining species not 
reported. 



In these plats light-demanding trees are used as nurses, among which 
a few Oaks and Black Walnuts wei-e set and blanks left for couifers to 
be planted in hereafter. Cuttings of Artemisia were used. Aspen aud 
Birch were wild seedlings, dug in the woods at Sturgeon Bay, Wis. 
The Aspen are slightly mixed with Cottonwood. Larch are narsery- 
grown seedlings, 10 to 15 Inches high; growth had started in transit, 
leaving the stock in poor condition at planting time. Walnut, 1-year- 
old seedlings, grown in nursery, 

Plat 6.— .3 fry 3 ftei, 4,840 trees. 

AAAAAAAA 

ASALASAL 

AAAAAAAA 

AWASAPAS 

AAAAAAAA 

ASALASAL 

AAAAAAAA 

APASAPAS 

AAAAAAAA 

A— Artemiaift 8,630 

P— Rock Pine (a) 227 

8— White Spruce (a) 605 

L — American Larch 303 

W— Black Walnnt (24 by 24 feet) 75 

aTo be planted in 1898 or later. 
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Reports. 

June 30, 1897, result of count: 2,466 ArtemiBia, 182 Larch, 75 
Walnut; or 68 per cent. 

October 12, 1897, result of count: 2,850 Artemisia, 23 Larch, 70 
Walnnt; or 73 per cent of number planted. 

From the action of Artemisia in other places it is probable that its 
rapid growth will prevent its use as a nurse tree; should the conifers 
become established, however, they should be able to overcome the 
Artemisia, which is a tall-growing shrab, thus saving the cost of any 
thinning whatever. Among the conifers it will be noticed that the 
light-demanding kinds. Larch and Pine (and the Oaks also), are each 
sarronuded by the shade-enduring Spruces. 

Plat 7.-5 by 3 feet, 4,840 trees. 

POPDPSPDPW 

PPPPPPPPPP 

PDPBPDPRPD 

PPPPPPPPPP 

PSPDPSPDPS- 

PPPPPPPPPP 

PDPBPDPRPD 

PPPPPPPPPP 

PWPDPSPDPO 

P— Aspen 3,630 

D— Douglas t-iinice (o) 606 

R— Red Cedar (a) 303 

8-8ootoh Pine (o) 227 

n— f>aTc 1 Chestnut Oak ( «» 

^^"^"^ i Swamp White Oak ( ^' 

W— Black Walnut 38 

a To be planted hereafter. 
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June 30, 1897, reault of count: 3,050 Aspen, 15 Oak, 18 Walnut; or 
83 per cent. 

October 12, 1897, result of count: 2,845 Aspen, 60 Oak and "Walnut; 
or 78 per cent. 

Of the permanent trees io this plat (the Aspen being designed as 
narses], three-foarths are shade enduring (Douglas Spruce and Bed 
Cedar), and th« remainder are light demanding. 

Plat 8.-5 by 3 feet, 4,840 trees, 

WBCBPBOBW 

B BBBBBBBB 

SBPBSBABS 

B BBBBBBBB 

PBCBABCBP 

B BBBBBBBB 

S BABSBPBS 

B BBBBBBBB 

WBCBPBOBW 

B— Yellow Bitch S,S30 

W— Black Walnut 75 

A— White Fir(o) 227 

P — Austrian PiDe(o) 303 

S— White Spruce (o) 302 

C— Red Cedar(«) 303 

In this plat Yellow Birch, probably mixed with Sweet Birch, is used 
as the nurse tree, and of the remaining species, all of which are nov 
being grown in nursery at the station, to be set into the plat when well 
rooted, the Spruce, Fir, and Cedar are shade enduring and the Fine is 
light demanding. 

aTti he planted hereafter. 
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R^orts. 

June 30, 1897, resnlt of count : 2,814 Birch, 74 Walnut, or 78 per cent. 
October 12, 1897, result of count: 2,900 Birch, 70 Walnut, or 80 per 
cent. Evidently an error in one of the counts. 

PLiT 9.-5 by 3 feet, 4,840 trees. 

BBPPBBPPBB 

PSBXPDBYPS 

BPPBBPPBBP 

PXBDPYBSPX 

BBPPBBPPBB 

PDBYPSBXPD 

BPPBBPPBBP 

PYBSPXBDPY 

BBPPBBPPBB 

PSBXPDBYPS 

B— Birch 1,815 

P— Aspen 1,815 

X— EockPmfl(o) 302 

Y— Scotch Pine <o) 302 

I>-Doug1as Sprnce (a) 303 

S— White8pnioe(fl) 303 

In this plat Birch and Aspen are used as nurses, so arranged that 
each permanent tree is bordered on one aide (diagonal) by Birch and 
on the other by Aspen. Of the permanent trees the Fines are light- 
demanding and the Spruces shade enduring. 

aTo be planted hereafter. 
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Reports. 

June 30, 1897, result of count: 1,721 Aapen, 1,5S4 Birch, or 91 per 
cent. 

Octoberl2,1897,re8Qlt of count: 1,600 Aspen, 1,550 Birch, or 87 per 
cent. 

Plat 10.— 5 bp 3 feet, 4,840 trees. 

P D P D P D 

LB LB LB 

P W P W P W 

LB LB LB 

P D P D P D 

L B L B LB 

P W P W P W 

L B L B L B 

P— Aspen '. 1,210 

B— Birch 1,310 

L — American Larch 1,210 

D— Donglaa Sprace (a) 605 

W— White Spruce (a) 6(B 

In this plat Aspen, Birch, aud Larch are designed as the nurse trees 
for two shade-endnriD); species. It is not knovn whether Douglas or 
White Spruce is the more shade enduring, and blanks in these kinds 
may be filled with pines or hard woods in the future, or a portion of 
the Birches may be left standing. 

B^ortg, 

June 30, 1897, result of connt: 919 Birch, 772 Aapen, and 820 Larch, 
or 69 per cent. 

October 12, 1897, result of count : 1,035 Birch, 950 Aspen, 200 Larch. 
Evidently an error in count of Birch and Aspen in one or both counts. 

Meaturement of growth. — ^The following measurements were made 
July 29, 1897, and include the total height of trees measured. The 
Catalpas, Black Locusts, and Mulberries in almost all cases sprouted 
from the root, and the remaining trees were, with bnt few exceptionB, 
not over 12 inches high when planted, the tallest at planting being tlie 
Oaks. The average growth was determined by measuring every tree 
of the variety as it came in the plat up to the number of 25, and taking 
the average of such measurements. 



a To be set in bereart«r. 
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FlanUd 1896. 



N.mc. 


wh6D 
pto««a. 


"SS' 


i,sr 




ID-IS 


88 
■ 87 

ai 

4S 
M 
*8 

40 

28 

M 


781 










12-18 
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40 

35 
33 
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10-18 
8-12 
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OultivaUon. — In 1896 tbe plats were cultivated five or six times, and 
in 1897 one man devoted his entire time to the care of the 10-acre plats 
and the conifer uarsery and seed beds. A successfal effort was made 
to beep tbe plats cleat of weeds and the soil in fine tilth throaghont 
the growing season. 

Close or leide planting.'—The plantings of 1896 were made at varying 
distances tn watch the effect on growth. Heretofore 4 by 4 feet has 
been considered close planting in the West, a more common method 
being to plant from 2 to 3 feet apart in rows 8 to 12 feet apart. It was 
thoaght that the closer planting might result in a more thorongh wind- 
break, and in lessening tbe amount of caltivation. 

In plat 1, planted 2 by 3 feet, one cultivation was given the second 
year flrom planting, and the nurse trees were ent back at the instance 
of Mx. Pernow, who found that they were crowding the permanent 
trees too mnch when he inspected the plantation July 15. ( "qoqIc 



The illustrations made from photographs of plats (see fiontispiece 
aud page 51) taken at uiidsummer show how completely the ground 
was shaded in the second year, in plantings 2 by 3 and 3 by 3 feet 

COLORADO. 

The State AgriGaltnral College of Colorado is located at Logan, 
abont 70 miles north of Denver, and 5 miles east of the foothills of 
the Bocky Mountains. The college fa-rm is a Bligbtly rolling tract 
of land. The field assigned for forestry experiments is almost level, 
except for a slight draw which extends diagonally across it (Plate 
in). The main irrigating ditch which waters a number of farms below, 
borders the forestry field on one side, the field itself being irrigated by 
alatcraj taken from the ditch at a higher level. The soil is a clay loam, 
with stifif clay subsoil. It contains so much alkali that few crops would 
grow in it, though a good crop of beets was produced on a part of the 
field in 1896, with very little irrigation. 

THE PLANTING OF 1896, 

Five acres were plowed very deep in the antnmn of 1895, and thor- 
oughly harrowed just before planting began, late in April, 1896. It was 
impossible to get water on the plats for a month after planting, so that 
the stand was very poor. In August a grassliopper raid destroyed most 
of the living trees, and three of the plats were abandoned. The remain- 
ing plats were reset in the spring of 1897 on a different plan, the varieties 
originally planted not being available. In replanting, the living trees 
were not disturbed. Only the two plats thus replanted are reported. 

Plat 1.—1 acre, 2 by 3 feet, 7,200 trees. 
Original plan : 

PMHB OMHB P 
BAMALABAE 
DBHMSB HMD 
WaA B A T A B A Wa 
OMHB PMHB O 
LAMAEABAL 
SBHMDBHMS 
T A B A WaA BAT 
PMHBOMHBP 
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A— Artemiaia ■- 1,815 

B-Boxdder 1,361 

M—SUtot Maple 1,361 

E— White Elm 337 

H— Honey LocQBt 907 

I^Sweet Birch 227 

0-BurOak 227 

T— CheBtnnt 227 

Wa-WhiteAsh 227 

D—Donglaa Spruce 227 

P-EookPine 227 

S— Scotch Pine 227 

At planting time the Birch, CheBtnnt, and Boselder were in very poor 
condition; all others, good. Stock from same Bonrces as that used 
elaewhere. 

Reports. 

June 3, 1896, result of couQt: 1,815 Artemisia, 1,300 Maple, 72 Box- 
elder, 700 Honey Locast, 100 Eock Pine, 227 Bur Oak, 227 Elm, 227 
Ash, 67 Birch, Chestnnt, 11 Black Cherry (snbatituted), Scotch 
Pine, 27 Douglas Spruce, or 62 per cent. 

October 3, 1896, result of count: 500 Artemisia, 72 Boxelder, 443 
Honey Locast, i Bock Pine, 71 Bur Oak, 96 Elm, 10 Douglas Spruce, 
67 Birch, 41 Cherry. Maple and Ash not reported. 

In April, 1S97, the plat was replanted as near as possible after the 
following plan, without distnrbiug the living trees: 

Second planting: 

P M P M P 

E P H P A 

P B P B P 

A P P P E 

P M P M P 

B P H P A 

P B P B P 

A P P P E 

P— Aspen 3,630 

B— Birch 908 

M—SilTer Maple 907 

H— Honey Locnst 453 

E— White Elni 154 

A— QreenAsh 454 
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July 10, 1897, result of count: 1,903 Aspen, 265 Birch, 556 Maple, 
213 Elm, 375 Ash, 291 Artemisia, 27 Oak, 297 Hooey Locust, 40 Box- 
elder, 28 Cherry, and 5 Douglas Spruce ; or 55 per cent of original Dumber 
plauted. 

October 1, 1897, result of count: 278 Artemisia, 279 Elm, 469 Honey 
Locust, 18 Oak, 4 Douglas Spruce, 36 Boxelder, 26 Cherry, 50 Mulberry, 
1,278 Aspen, 71 Birch, 388 Maple, 296 Ash. 

The original plan of this plat was designed more to test a great vari- 
ety of species than to provide suitable light conditions for them, and 
hence the great loss and necessary replanting with other species will 
have no especial effect on the purpose in view. As the great prepon- 
derance of trees reported living at the end of the growing season in 
1896 were light demanding, it was determined to keep the nurse trees 
of this character in this plat, and in the replanting Aspen and Bhch 
were made the nurse trees. As reported in July, only a little more 
than one-fourth of the living trees are shade-enduring species. 

Plat 2.— i acre, 3 by 3 feet, 4,840 trees. 

Original plan : 

M O M Ch M HL M Ch M BL M O 

BMBMBMBMBMBM 

M Ch M BL M Ch M BL M Ch M BL 

BMBMBMBMBMBM 

M HLM Oh M O M Ch M HL M Ch 

BMBMBMBMBMBM 

M Oh M BL M Ch M BL M Ch M BL 

BMBMBMBMBMBM 

M BL M Ch M HL M Ch M BL M Ch 

BMBMBMBMBMBM 

M O M BL M Ch M BL M Ch M O 

M— Silver Maple 3,420 

B— Jack Pine 1,210 

Ch— Black Cherry - 681 

BL— Black Looaat 323 

HL— Honey Loooat IM 

O— Bur and White Oaka 113 

All stock was in good condition at planting time. 

CiOOglc 



Eeports. 

June 3, 1896, result of coiiDt: 3,400 Maple, 700 Jack Pine, 581 Cherry, 
323 Black Locnat, 150 Honey Locnat, 112 Oak. 

October 3, 1896, reaalt of count: 1,029 Maple, 66 Pine, 10 Black 
Locast, 49 Honey Locust, 26 Oak. Cherry not reported. 

In April, 1897, the plat was replanted, without disturbing the stand- 
ing trees, as nearly as possible to the plan here given: 

M B M H M E 

P M P M P M 

M E M Bl M B 

P M P M P M 

M B M H M E 

P M P M P M 

M E M Bi M B 

P M P M P M 

M-Maple 2,*20 

P-Aspon 1,210 

B— Rook (Bull) Pine (a) 302 

E— White Elm 302 

H-Honey Locust 303 

Bi— Birch 303 

R^orts. 

July 10, 1897, result of count: 1,624 Maple, 160 Cherry, 200 Honey 
Locust, 10 Black Locust, 32 Jack Pine, 620 Aspen, 82 Elm, 109 Birch ; or 
58 per cent of original planting. 

October 1, 1897, resolt of count: 1,544 Maple, 160 Cherry, 216 Honey 
Locust, 20 Oak, 10 Black Locast, 25 Jack Pine, 605 Aspen, 150 Elm, 69 
Birch. 

SOUTH DA£OTA. 

The Sonth Dakota Agricultural College, located at Brookings, in the 
eastern border of the State, began experiments in forest tree planting 
in 1889. When the Department made its first plantings at this station 
in 1896, permission was courteously given to use any data which the 
u)llege plantations might supply, and also to underplant in the college 
plats. The kindness of the college was the more readily accepted by 
the writer because of his association with the institution from 1887 to 
1891, during which period be planned and personally superintended 
the planting experiments at the college. 



a To be planted hereafter. 
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lu 1889 teD plats of one-half a«re eacb were planted at this statloD. 
In 1890 twelve one-half acre plats were added, aud in 1891 eight plats 
were planted, making a total of 15 acres. The Forestry DivisioQ 
planted six plats iu 1896, and seven in 1897, making a total acreage in 
the grove of 21J acres. (Plate IV.) 

LOCATION AND BOIL. 

The plats occupy almost level ground, with a slight liae to the west 
and south. Just beyond the limits of the plantation, to the west, the 
land rises to a low ridge, on which the college buildings are located. 
There was a small Oottonwood " timber claim" one half mile south of 
the plantation when the first trees were set, this being the nearest 
grove of any kind. The site is in the open prairie, the nearest natural 
woodland being the fringe of trees along the Sioux Biver,5 miles to the 
westward. 

The soil is the usual black loam of the prairies, very rich, the surface 
soil being 18 to 30 inches deep, and separated from the stiff yellow clay 
snbsoil by a thin stratum of coarse gravel mixed with clay. The clay 
subsoil is of unknowu depth. 



The mean annual rainfall from May, 1888, to December, 1894, was 
16.06 inches, as observed at the college. The following record for the 
growing season of 1892, a year of unusually plentiful rain, and 1894, a 
season of exceptional drought, fairly presents the extremes of precipi- 
tation. The precipitation for the growing season of 1896 and 1897 is 
also given. 
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TIIE PLANTING OF 1889. 

A few plats of this plantiog are given as illustrating the action of 
well-known species of trees when planted in mixture. 

The season of 1889 was very favorable for trees, and a good stand 
was secured in all the plats. Subsequent years of severe drought have 
served to test the adaptability of the several species to the locality, and 
hence this planting is treated in considerable detail. 

In plats 1, 2, «, 7, aud 9 several species of Eussian Poplar were set 
and made a vigorous growth the first season, but in the drought years 
that followed they were almost entirely killed, none of them equaliug 
ri Cottonwood as a drought-resisting plant. In plat 4 White 



Fio. 1,— Scotch Pine in South Dskota Plantation. 



Fig. 2.— South Dakota Plantation. 
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Pine was planted 12 by 12 feet apart, with Boxelder for nurae trees, 
bat all vere dead by tbe end of the second year. Larger specimens, 
planted in the college lawn, lived through several years, making a 
feeble growth, hut all succumbed in the drought of 1894. European 
Larch and Boxelder were set in one plat, and the Larch made a good 
stand, bnt a freeze in May, 1890, when the Larch leaves were half 
grown, killed a large nnmber of the trees. It required several yesirs 
for the Larch remaining to form leading shoots, and the best trees in 
the plantation are now scarcely as high as the Boxelder among 
which they grow. The species was highly recommended for planting 
tfaronghont the West a number of years ago, bnt this experiment does 
not demonstrate in it any value for this latitude. 

The following discussion of plats in this planting is given as illus- 
trating the action of tbe several species iu mixture : 

¥zxT 1.— One-half acre, 4 bpd/eet, 1,361 trees. 

B S B C B 8 

P B P B P B 



P B P B P B 

B C B S B C 

P B P B P B 
B— Boxelder. 

P — Popviitt eerlineniit (Rnsaiau Poplar). 

8— White Sprnoe {Scotch Pine aabBtitated iu ODe-third of plat). 
C — Cottonwood. 

The BuBsian Poplar soon failed largely, and it was replaced the 
second and third year after planting with Green Ash. The White 
Spruce were wild seedlings dug in the Black Hills and grown one year 
in nursery rows, at the college. Tbe Spruce was set at the same time 
the other trees were, and the weather being favorable a good stand was 
secured. The first few years the growth was extremely small, bnt the 
trees are now (1897) well established and are making vigorous growth 
in the shade of the Boxelders, which average two to three times their 
height. In most cases the Boxelder crowns meet over the Spruce, 
but as yet the latter show no iiyury from the shading. 

The Scotch Pines in this plat are fully equal to those in plat 8, noted 
below, and the Boxelder and Silver Maple seem to have about the 
Bameeffect as nurse trees. The Gottonwoods have thinned out cousid- 
20191— No. 18 5 
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erably, but those remaining are in good condition and are from 2 to 
3 feet taller than the remaioiDg species in the plat. 

The Boxelder has proven its excellence as a narse for this 1atitnd& 
During the favorable seasons of 18S9-1893 it grew rapidly, shading the 
ground so well that cultivation was nnoecessary after the third year 
£rom planting. The years 1894 and 1895 were both extremely dry, and 
the Boxelder showed great injary. In the spring of 1896 the growth of 
the two previous years was dead, but dormant buds sprouted in the 
older limbe, and scarcely a tree was entirely killed. The trees averaged 
9 feet high at this time, and the drought that checked their growth so 
severely had much less effect on the more valuable species, so that it 
served merely to head in the nurse trees. The growth ot 1896 was vig- 
orous, thickening the tree crowns and increasing their value as nnrses 
by shading the ground more completely. The dead twigs in the Box- 
elder tops give the plantation a bad appearance, but the tenacity of 
life in the species has been well proven, and its usefulness as a nurse 
tree in high prairie demonstrated. 

It may be objected that the wood of the tree is valueless, but if by 
using it good results in starting conifers and valuable hardwoods can be 
secured, other considerations may well be ignored. 

Plat 5. — One-half acre, 4 by 4 feet, 1,361 trees. 
B B B B B B 
B O B E B O 
B B B B B B 
B E B O B E 
B B B B B B 



B — Boxeldet. 
O— Bar Oak. 



In this plat the Boxelder has so completely covered the ground that 
the leaves of the trees have been prevented from blowing away and 
already show the formation of humus. Particular interest attaches tn 
this plat by reason of the efTect of the nurse trees on the Bur Oak. 
The natural habit of this tree, when grown in the open, is to branch 
freely, giving to even the young specimens something of the spreading 
crown of old trees. In this plat the Oaks are forced straight and tall 
in proportion to their diameter of trunk. In some cases they nov 
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approach the narse trees in height, and without exception the leading 
branch is well in advance of the laterals, and the trees are making a 
vigorons growth. Even tlie tew that are entirely shaded (overhead) by 
tLe Boxelders are in good condition. The Elms average somewhat 
taller than the Boxelders in this plat. They show the formative effect 
of the nurse trees in their straight trunks and high branching. 

Plat 8, — Oaehalf acre, 4 by 4 feet, 1,361 trees. 

MCMUMCMC 

PMCMBMCM 

MCMCMCMU 

CMPMCMBM 

M0M0MC3MC 

BMCMPMCM 

MCMOMCMC 

CMBMCMPM 

M C M C M C M 

P M C M B M C 
M— Silver Maple. 
C — Cotton w aoA . 
P— Scotch Pine. 
B-Whit© Bircli, 

This plat contains a good stand of Scotch Pine and White Birch, the 
nurse trees being Silver Maple and Cottonwood. The great majority of 
the GottonwoodB failed during the drought years of 1894 and 1895, but 
those which remain are the tallest trees in the plantation. The Birches 
are second to the Cottonwoods in height, and are the handsomest trees 
in the entire plantation. They were purchased for Yellow Birch, but 
proved to be European White Birch. The tree is a native of cool, 
moist climates, and its vigorous growth thus far is an illnstratlou of 
the ability of species to succeed under widely varying conditions. The 
Maples froze back to the ground the first winter, and have since grown 
with t;everal trunks, which has increased their shade but has not 
improved their appearance. They have withstood the drought years 
better than Boxelder, but they have been injnred somewhat by ann- 
Bcald. They do not e(][na) Boxelder as a nurse tree. 

The Scotch Pines were bought as seedlings 10 to 12 inches high, and 
were first planted in nursery rows and heavily mulched. The second 
spring favorable weather was chosen for Betting them in the plat with 
tbe other trees. The Pines are unequal in growth, some being almost 



as tall as any of the Maples, and the average being about 4 feet leas. 
They are dov from 6 to 15 feet high and making vigorous growth. 
They made mach less growth daring the droa^ht years, bat show no 
other effect of droagh t and are in perfect condition. The plat is too open 
for best resalta. Green Ash was planted in where the Oottonwooda 
ffuled, and in this mixture made very satisfactory growth. 

This plat is in the south border of the plantation, and the effects of 
the wind are especially noticeable on the pines on that side (see Plate 
IV) which are not only mach bent, but are also mnch shorter than 
those in the center of the plat, where there is protection. 

Plat 10.— One-half acre, 4 by 4 feet, 1,361 treea. 

BOAEBCAB 

CAEBCAEB 

AEBCAEBO 

EBOAEBCA 

BOAEBCAB 

CAEBCAEB 

AEBCAEBO 

EBCAEBOA 
B— Birch, 
C— Black Cheiry. 
A— White Ash. 

E— White Elm. 

This plat was designed witbont nurse trees, but the four species were 
arranged in rows so that the light-demanding Ash and Birch would 
come between the more shade-enduring Elm and Cherry. All foor 
species are really light demanding, but relatively the Oberry and Elm 
endare much more shade during yoath than the others. 

It is generally believed that Boxelder is a more rapid grower than | 
any of the species named, and for the first three years this was true, I 
but after nine years' growth Cherry, Elm, and Birch are larger than ; 
Boxelder growing in a plat beside this, and the Ash will average as j 
tall, though not so large otherwise. j 

This is the best plat in the plantation. The crowns are so dense 
that weed growth is impossible, and it is diflQcult to force one's way 
among the trees, which are all in fine condition. The Birch is about 
2 feet taller than the Elm and Cherry, vbicb are of cqnal height, the j 
Ash averaging about 2 feet less. 

The Cherry has hardly yet begun to form a leader. The first thiee i 
years this sj^ecies grew in busb form, dividing near the groond into 
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several branches. As the neighboring trees crowded it the Cherry 
assnmed a more nprigbt habit and a tendency toward one main branch 
taking the lead, and a trunk is beginning to appear. The Birch is 
more tree-like, but holds its lateral branches almost to the ground. 
The Elm pails with its lower branches more readily, and the Ash, 
having light only at the top by reason of its slower growth, forms few 
laterals. 

Following is a table showing the number of living tree» in these 
plats, one-half acre each, together with diameter and height growth, the 
count being made in August, 1897 : 
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The plats set in 1890 were planted pnre — that is, each plat was com- 
posed of a single species. In the case of Boxelder and Green Ash 
plats on opposite sides of the drive were planted, the one with seed 
sown in hills and the other with 1-year-old seedlings, to determine the 
relative value of the two methods. The nse of seedhngs was demon- 
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strated to be in every way superior. The fioxelder seed germinated 
poorly, makJDg an aoeven stand, and ivhile in tbe seed leaf both Box- 
elder and Ash were niucb iujared by cntworms, which did practically 
no harm to the opposite plats, where young trees were nsed. 

The seed plants required hand weeding, makiog caltivatioD the first 
year more difficult and expensive, and in the spring of the second year 
tbe seed plats bad to be thinned to a single tree in the hill, again 
increasing the cost. A count made at the end of the first growing 
season (see Bulletin 20, S. Dak. Experiment Station) showed that the 
seed pint of Boxelder was a failure, while in the see^lling plat 83 per 
cent grew. Of the Green Ash 89 per cent of the seedlings lived, while 
only 49 per cent of the seed grew, 

The following varieties were planted pure; Boselder, Green Ash, 
Silver Maple, White Elm, Bnseian Poplar {Populua c^Unensis). As 
.compared with mixed planting, the disadvantages of pnre planting are 
very apparent in this plantation. The mixed pints in which shade- 
endnring trees were used as nurses are now so thick as to completely 
shade the ground, and uo cnltivation has been necessary in them for 
four years. The more valuable trees in them, such as Ash and Elm, 
are in better condition than when planted pure, having been benefited 
by the side shade of their more densely foliaged neighbors. In ttie 
pure-planted Boxelder plats, while the trees have grown quite as well 
as in mixed planting, they are of themselves of low intrinsic value, and 
hence when the Boxelders are gone nothing will remain. Used as a 
nurse, the Boxelder reaches small fuel size, and when it is removed 
there remains a grove made the more valuable by having used it. 

Silver Maple shows the same characteristics, planted pnre, except 
that at Brookings the yonng trees winterkill and sprout from tbe 
crown, thus growing in coppice form. As before stated, the Biwsian 
poplar failed during the years of drought. 

In the Ash and Elm plats cultivation is still necessary seven years 
after planting. This fact alone makes the pure planting of these spe- 
cies inadvisable. The trees have not made as tall growth, and are 
much more forked than the same species in mixed planting. Trees 
planted in the plains are much more apt to bead low than in forest 
regions because of the intense sunshine and the heavy winds. There 
is a constant use in western farms for pole timber, and its valne is 
greatly increased by straightness and freedom from knots. If the 
young trees cau be grown free of low branches their timber will be 
much stronger and more mseful for all farm purposes. Hence the great 
inijiortaiice of planting varieties the wood of which is nsefal in farm 
economy among others which will encourage length of stem and tree- 
dom from branching. Quick maturing kinds like Cottonwood and 
Boxehler may be planted alone where the object is merely to secure a 
supply of cheap fuel, but even in this case the method is not economi- 
cal, sinceit could be accomplished with more durable species in mixture. 
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In a plat of Shellbark Hickory mixed witb Silver Maple the Hiekory 
(one year old, grown in nursery towb at the college) were all winter- 
killed the first year, and their places were filled in with Green Ash. 

In 1891 4^ acres in varions mixtare were added to the plantation, hat 
as no new species were included extended notice need not be made of 
them. 



Underplanting. 

In addition to the 3 acres of new plats made by this division in 
1896, plats 18 to 31 (set in 1890 and 1891) were underplanted with 
conifers. These plats had been replanted the year previously by Pro- 
feBsor Corbett with Black Cherry and two-year-old Scotch Pine seed- 
lings. Many blanks yet remained, and although the shade in the plats 
was too thick to anticipate great success from nnderplantin^, it was 
believed that even if a slight admixture of conifers resulted, an oppor- 
tunity vonld be afforded of watcbiug the development of the conifers, 
and the value of the plats would be increased. 

Since the blanks were irregulur it was impossible to plant to a definite 
plan, but, in general, when a blank oconrred io the midst of densely 
foliaged trees, as where the new tree would be surrounded byBoxelders 
10 to 15 feet high, Douglas Spruce, White Spruce, or Jack Pine, was 
set; where there was more light Scotch Fine or Rock (Bull) Pine 
was set. 

The Douglas Spruce and Rock Pine used were wild seedlings dug in 
the mountains of Pueblo County, Colo. The Jack Pines were wild 
seedlings from Garleton, Minn. The Scotch Pines were transplanted 
oorsery-grown trees, 12 to 15 inches, aud the remaining trees were 
nursery-grown seedlings. The roots of the trees were puddled whea 
received, and heeled in in the shade of other trees. In planting, the 
trees were carried in pails with the roots in the water; they were 
planted the same depth they stood before, and were well firmed. 

Unfortunately, no record was kept of the number of conifers set in 
each plat. In October, 1896, after the growing season was over, a 
count of trees showed 560 conifers in plats IS to 26a, and 610 in plats 
26ft to 31. In June, 1897, a count by plats and varieties was made, 
resulting as follows, each plat containing one-half acre of ground: 

Plat 18, 3 Jack Pine and 2 Scotch Hno, 5; plat 19, 22 Jack Pine, 25 White Spruce, 
4 Rock Rue, and 22 Scotch Pidb, 73; plat 20, 2 Jack Pine, 2 Scotch Pine, aDd 1 
White Spruce, 5; plat 21, 1 Jnck Pine, IS Scotch Fine, ivnd 15 White Sprnoe, 31; 
plat 22,39 Jack Pine, 29 Scotch Pine, 16 Kock Fine, and 9 Whit« Sprnoe, 93; plat 23, 
16 Jack Pine, U Scotch Pine, 5 Rock Fine, and 12 White Spruce, 47; plat 24,19 Ja«k 
Pine, 41 Scotch Pine, 16 Rock Fine, nn<l 33 White Spruce, 109; plat 25, 25 Jack Pine, 
29 Scotch Pine, 9 Kock Pine, and 19 White Spnice, 82; plat 26a (one-fonrth acre), 11 
Jack Pine, 9 Scotch Piue, 5 Rock Piue, and 11 White Spruce, 36. ToLiIb in plats 18 
to 26a (41 acres), 138 Jack Pine; 166 Scotch Fine; 56 Rock Pine; 125 White Sproce; 
grand total, June, 1897, 481. , . , 
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Plat 22» (otie-fonrtli acre), 15 Jack Pine, 20 Scotch Pine, and 23 WWtft Sprnce, 5S; 
plat 27, 50 Jack Pine, 5t Scotuh Pine, 4 Eock Pine, 36 Wb<te Sprace, and 13 Doaglaa 
Sprnce, 154; plat 28, 40 Jack Pine, 38 Sootcli Pine, 1 Eock Pine, 40 White Sprnce, 
and 12 Donglas Spruce, 121 ; plat 29, 62 Jack Pine, 65 Scotch Fine, 2 Rock Pine, 95 
White Sprnce, and 53 Doiigliu Sprace, 277; pint 30, I Rock Pine Anii S Douglas 
Sprnce, 9. Totals in plats 28A to 30 (2i aorea), 167 Jack Pine; 164 Scotch Pine; 8 
Book Pine; 194 White Sproco; 86 Donglas Sprnce; grand total, June, 1897,619. 

To these flgarea must be added 99 Scotch Pines anderplanted previ- 
ous to 1896, making a total of 1,201 conifers on 6J acres, or an average 
of 185 per acre. Or, leaving ont plats 18, 20, and 30, which together 
have bot 19 conifers, there having been very few blankB in these plats 
vben the conifers were set, the 5 acres remaining average 236 conifer 
trees per acre, a number saEDcieiit to make quite a chauge in character 
&om the original hard-wood ])lanting. A note accompanies the report 
to the effect that the trees are growing nicely, some of the pines having 
made a growth of 1 foot thns far this season (.Tune 15, 1897). 

No report of this tinderplanting was made in the fall of 1897, but a 
hasty examination made by the writer after a snowstorm in early 
December showed that the small conifers gave every promise of success. 

PLAT PLAMTIMQ. 

Two series of plats of one-sixteenth acre were designed to illustrate 
the effects of close and wide spacing, and the trees were set at distances 
as follows: 1 by 1 foot, 1 by 2 feet, 2 by 2 feet, 2 by ;t feet, 2 by 4 feet, 

3 by 3 feet, 3 by 4 feet, 3 by 5 feet, 3 by 6 feet, 4 by i feet, 4 by 5 feet, 

4 by 6 feet, 5 by 5 feet, 5 by 6 feet, 6 by 6 feet One series was 
arranged as a wind mantle, to be placed in the border of the plaiita- 
tion, but through an unfortunate misunderstanding its location was 
changed, and hence the purpose of the design is defeated. In this 
series conifers are arranged in continnons rows, and the spaces are 
filled in with Artemisia, as indicated in the accompanying diagram. 

Wind mantleplat, 3 by 3/eet. 

DaaDaaPaaBaaPaaBaaDaaSaaSaaDaaD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaDaaD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaBaaD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaDaaD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaDaaD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaDatiD 
DaaDaaPaaBaaPaaBaaDaaSaaSaaDaaD 
DaaBaaPaaBaaPaaBaaDaaSaaSaaBaaD 

a — Artemisia. 

D — Douglas Sprnce or Eed Cedar. 

P— Eock Pine. 

B— Jack Pine. 

S— Scotch Pine. 
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Snch an airangemeDt provides for a wind-break 90 feet wide aroaud 
the ontside of the plautation, in which the conifers shall form solid 
rows, separated the first few years hy nnrse trees, which should not be 
permitted to remain long enough to weaken the lower branches of the 
conifers. Had such a wind break been placed originally to the south of 
the Brookings plantation, the damage apparent there could not have 
occnrred. 

Id the second series of one-sixteenth acre plats, Boxelder wan used 
as a iinrse tree, and various hard woods and conifers were intermixed. 
A few of the plans, with result of count made in the first week in July, 
are given herewith. 

One-sixteenth acre, 1 by Ifoot, 3,733 trees. 

OBSBTB8BL 

APBPAPBPA 

SBSBSB8BS 

BPAPBPAPB 

LBSBCBSBO 

APBPAPBPA 

SBSBSBSBS 

BPAPBPAPB 

OB8BYB8BL 

APBPAPBPA 

B— Boxelder 1,021 

A— Artemiaia 340 

&- White Spmce 510 

P— Scotch Pine 680 

O— Bur Oak 42 

L—Sweot Birch 43 

Y— Yellow Birch 43 

C— Black Cherry 43 

Id this plat it was the purpose to secure a close stand of conifers and 
to avoid all cultivation. The Boxelder was designed to shade the soil, 
and thus prevent weed growth until the conifers were well rooted, 
when it was to be cut out. ' It was found necessary to hoe the plat 
twice, despite the close planting. The count resulted: 864 Buxelder, 
375 Artemisia, 139 White Spruce, 16 fcJcotoh Pine, 10 Cherry, and 14 
Oak, or 52 per cent of a perfect stand. It will be noted that Ihe count 
reveals more Artemisias than the plat calls for; doubtless throuj^b an 
error in planting, : :.^, 
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One-gixteentk acre, 1 by 2 feet, 1,361 trees, 

C B D B P B 

B Ba B Ba B Ba 

D B P B D B 

B Ba B Ba B Ba 

P B D B C B 

B Ba B Ba B Ba 

D B O B D B 

B Ba B Ba B Ba 

B D B P B 

B— Baxelder 681 

Bb— Jack Pine 340 

C— White Spruce 85 

D— Douglas Spruce ; 85 

P— Scotch Pine 170 

Ab Iq tlie last plat, the purpose was to secnre a close staud of cooi- 
fers, using Boxelder as a protectiou ooly uotil tliey coald beuome 
established. The count resulted : 657 Boxelder, 137 Jack Piue, 94 
White Spruce, 24 Douglas Spruce, 50 Scotch Pine, or 70 per cent. 

One-sixteenth acre, 2 by 3 feet, 681 trees. 

B B B B B 

L B P B L 

B B B B B 

P B C B P 

B B B B B 

L B P B L 

B B B B B 

P B C B P 

B— Bosoldet 511 

P— I^OkPine .' 75 

t—SVoet Birch 48 

d-i-BlMik Cherry 47 
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Eeaolt of count: 507 Boxelder, 41 Cberry, 12 Eock Pine, and Birch, 
or 82 per cent. It was found that the cultivation necessary in the first 
year alter setting in such close plantings is quite as expensive as when 
the trees are set 3 by 3 feet, since hand labor is necessary, whereas in the 
wider spacing all the work can be done by horse cultivator. The e^tra 
expense of setting and the value of the material fully offset the advan- 
tage gaiued by saving in cultivation after the first year, so that such 
close planting would not seem advisable. 

The total ol trees standing in the one- sixteenth-acre plats, as reported 
June 30, 1S97 (the blanks in these plats having been sown with the 
seed of Oaks, Walnuts, and Hickories), is as follows: 2,738 Artemisia, 
2,620 Boselder, 231 Black Cherry, 138 Bur Oak. 15 Black Walnut, 143 
Douglas Spruce, 428 Jack Pine, 67 Eock Pine, 388 White Spruce, and 
210 Scotch Pine; total 6,5)78, or at the rate of 5,582 trees per acre. 

On October 1, 1897, the one- sixteenth -acre plats contained a total of 
2,347 Artemisia, 2,607 Boxelders, 235 Black Oherry, 150 Oak and Wal- 
nut, 307 Douglas Spruce, 241 White Spruce, 42 Anstrian Pine, 342 
Jack Pine, 156 Scotch Pine, 154 Eock Pine, 4 Birch, or 6,585 trees. 

Two one-half-acre plats were set at this station in 1806, in neither of 
which a good stand was secured, owing to hot south winds during and 
immediately following the planting season. 

Plat SS.— One-half acre, 4 by 4 feet, 1,361 trees. 

A P A S A P 

B A B A B A 

A S A P A S 

B A B A B A 

A P A S A P 

B A B A B A 

AS A P A S 

B A B A B A 

A-Boselder 681 

B-JackPine 340 

P-Rockpine 170 

8-Sootch Pine 170 

(Bur Oak was substituted for one-half the Rock Pines.) 

This plat is designed to illustrate the relative light requirement of 
the three Pines, the Boxelder to stand only until the Pines are estab- 
lished. The very unfavorable weather at planting time and immedi- 
ately following resulted in a very poor stand. ^^ C ioOQ Ic 
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Report*. 

Eeanlt of count October 21, 1896: 223 BoxeMer, 243 Jack Pine, 
40 Scotch Pine, 35 Kock Pice, and 38 Bur Oak. 

lu the spring of 1897 the blank places in the plat were set with Scotch 
and Austrian Pine. A count made J une 30, 1897, resulted : 227 Scotch 
Pine, 343 Anstrian and Jack Pines (the workman could not disttnguiali 
between the ;onng plants of these species), and 222 Boxelder. So Oak 
nor Euek Pine reported. 

Plat 3i.— One-half acre, 3 hy 5, 1,361 trees. 
O W E W O W 

W B W B W B 

O W E W O W 

W B W B W B 

O W E W O W 

E— White Elm 787 

W— While Spruce 340 

B-^ackPiue 170 

O— But Oak M 

In planting a few Scotch Pine, Black Cherry, and Douglas Spmee 
were substituted for Elm and Jack Pine. In this plat White Elm and 
Jack Pine are designed as nnrse trees for White Spruce and Oak. 
The mixture will require a longer period of cultivation than if a qnick- 
growing tree like Boxelder had been ased,.bnt in the end it may prove 
an advisable mixture, since the Elms are more tenacious of life than 
the Boxelders. 

Reports, 

Eesult of count October 15, 1896: 343 Elm, 197 Jack Pine, 219 White 
Spruce, 79 Bur Oak, 61 Scotch Pine, 36 BIa<;k Cherry, and 12 Douglas 
Spruce, or 70 per cent of the number planted. 

In the first week of May, 1S97, all the blanks in this plat were set 
with Elm, Scotch Pine, and Auatriau Pine. On June 30, 1897, a count 
resulted : 521 Elm, 241 Scotch Pine, 115 Austrian Pine, 77 White Spruce, 
and 42 Oak (Jack Pine and Cherry not reported). 
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FoUowiDg the geueral plan pursued iu Nebraska and Kansas, the 
plats set in 1897 were designed with light-demanding species as uurse 
trees lor conifers. Eight one-half acre plats were planted with Arte- 
misia, Aspen, and Birch, both pnre and in mixture, aud iu all blanks 
were left at regular intervals for the conifers, which will be set in 
1S98 or 1899, according to the growth of the nurse trees. As these 
designs are similar to those already given, tbey do not appear here. 
Along the north side of the plantation three one-half acre plats were 
designed as a protection for the remainder of the plantation, and the 
designs follow : 

Plat 58.— One-half acre, 3 iy 3 feet, a,i30 trees. 
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A A A A A A A ^ j south side of plat. 

SLELSLELj 

A-ArtemiHia 1,210 

P— Aspen 303 

L— American Larcb 302 

R-Hed Cedar ...'. S69 

&-8coteh Pine . . 
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Report of connt, Jnne 30, 1H97: 849 Artemisia, 108 Aspen, 199 E«d 
Cetlar, 203 Larch, 79 Scotcb Pine, and Sri Elm (substituted), or GSper 
ceot of plantintt. 

The count of October 1, 1897, resulted: 80 Artemisia, 139 Scotch 
Pine, 56 Aspen, 95 Ked Cedar, l39Larcb,44 Elm, and 66 miscellaneous 
substitutes, or 65 per cent of the number planted. 

In this plat and those which follow the permanent trees (the conifers) 
are arranged to form rows running east and west. On the north or 
windward side Red Cedar forma the border, alternating with Aspen or 
Larch; 40 feet from the margin of the plantation Fines are set iu 
place of part of the Larch a»d Cedar. The Cedars are very tough and 
are especially useful as windbreaks. The Larch may be cut out when 
large enough for posts, leaving the Cedar and Pine as the permanent 
species. 

In plat 59 Austrian Pine will be used in place of Scoteh Pine, and 
in plat 60 Bock Pine will be used. In plats 44 and 61. the same method 
of planting is followed, except that the rows run north and south, these 
plats being on the east side of the plantation. The count of all the 
plats planted in the spring of 1897, made June 30, gave an average 
stand of 71 per cent. The stand would have been mnch better, bat 
the Birch and Cottonwood had started growth before planting was 
completed. 



The first plantings were made at the Utah State Agricultural Col- 
lege, at Logan, in the spring of 1897. The college farm is located on a 
high bench overlooking a broad valley, and extends to the high and 
steep foothills of the mountains. The land set aside for forestry exi>eri- 
ments is almost level, and lies opposite the mouth of the Logan Kiver 
Canyon and one half mile from it (Plate V). The soil is a stiff clay 
loam, very productive under irrigation, and underlaid with a gravel 
subsoil, the gravel being of great depth and sligbtly intermixed with 
clay. The plats at Logan are of 1 acre each, but for this first plant- 
ing they have each been divided into two equal parts to permit of 
experimenting iu planting at difi'erent distances apart. Hereafter the 
plats will be planted at uniform distances 3 by 3 or 4 by 4 feet. In 
this planting both liglit-domaudiug and shade-enduring species have 
been used as nurse trees, and an opportunity is thus given of studying 
these methods of mixture in plats of the same age. 

The hard woods used were all of one-year-old seedlings, except Birch, 
which was two to three years. None of this stock was in first-class 
condition, all having been more or less in)ure<l in transit. The conif- 
erous Ktock was planted in nursery beds, from which it will be set in 
the plats, as designed, when well rooted. 
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Plat 1.— One-half acre, 3 hy 3 feet, 5,445 trees. 
BPBPPPBPB 
PPPPPPPPP 
PPBPBPLPP 
PPPPPPPPP 
BPBPPPBPB 
PPPPPPPPP 
PPPPBPOPP 
PPPPPPPPP 

BPBPPPBPB 

P-Aspen 4,424 

B-Bircli 681 

E— WbitoElm 85 

F-Grmn Asb 85 

L— Honey Loon 9t 85 

C-Catalpa 85 

Report. 

JnoeSO, 18d7. ThiB being bnt a fraction of half an acre, the fall 
qnaatities noted were not planted. Result of count: 2,129 Aspen, 283 
Bircli, 49 Elm, 50 Ash, 50 Honey Locust, and 47 Catalpa. 

October 1, 1897. Result of count: 1,987 Aspen, 238 Birch, 49 Elm, 
46 Ash, 50 Honey Locust, 47 Catalpa. 

Plat 3.—0nehttlf acre, 2 by 3 feet, 3,630 trees. 

P A P A P A 

M C M Pi M 

P A P A P A 

M S M C MS 

P A P A P A 

M C M Pi M C 

P A P A P A 

M S M C M S 

p-Aspen 907 

H-Ruuian Malberrj' 908 

A— Anemiaia 907 

C-Catalpa 454 

S-OotiKlaB Spruce ,. 227 

Pi-Scotch Pine (a) 227 



d To be plaut«d hereafter. ,-. , 
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This plat is designed with Spruce aad Fine as the |>ertDaQent trees, 
the iinrseB beiog a mixture of light-needing (Aspen and Artemiaia) and 
shade-en dariog kiuds (Russian Mulberry). The Mulberry, aided by 
the Catalpa, will change the conditions of light very materially firom 
what they would be with only the Aspen and Artemisia as nurses. 

Result of count, June 30, 1897 : 576 Aspen, 548 Mulberry, 532 Arte- 
misia, 163 Catalpa, and 105 Douglas Sprnce. 

The count of October 1,1897, resulted: 553 Aspen, 660 Mulberry, 
610 Artemisia, 169 Catalpa, 72 Douglas Spruce, or 66 per oeut of the 
number planted. 

Plat 2.— One-half acre, 3 by 4/eet, 3,723 trees. 

BWBSBC BD 

aa aaaa aa 

PBPBPBPB 

aa aaaa aa 

BC BDPWB'S 



PB PBPB PB 



BWBSBC BD 

a— Attemlsia 1,361 

B— Birch 681 

P— Aspen 340 

C— White Fir(«) 86 

W— White Spruce (o) 86 

D—Donglaa Sprnce (a) 8S 

8— Scotch Pine (a) K 

In this plat Artemisia is designed merely to fill in for a few years, 
and when it is cut out the trees will stand 4 by 1 feet apart, with Birch 
and Aspeu as nurses. The conifers are all shade enduring except the 
Fines, and once established the mixture should be successful. 

The count of June 30 resulted: 1,102 Artemisia, 318 Birch, and 374 
Aspen (part substituted for Birch). 

Oonnt of October 1, 1897 : 1,104 Artemisia, 270 Birch, 331 Aapen, or 
71 per cent. 



a To be planted hereafter. 

Dcillizedoy Google 



81 
Plat 4. — One-half acre, 3 by 4 feet, 1,815 trees. 
AEACADAHA 
EAEAPADAE 
AOADAHAE A 
RAFADAEAB 
ADAHARACA 
FADAEARAF 
AHARAC ADA 
DAEARAFAD 
ARACADAHA 
BARAFADAE 

A — Artomisia '. 907 

P— GroBQABh 113 

E— While Elm ; 113 

C— Hardy Catalpa 11* 

H — Honey Locust IH 

K— KedUedar(a) 227 

D— Douglas Spruce (a) 227 

In designing this plat Silver Maple was ased as the nurse tree, bat 
stock ordered was not received, so that Artemisia had to be used, 
changing the character of the plat. The permanent trees are a mix- 
tare of shade enduring conifers, Red Cedar, and Douglas Spruce, with 
hard woods whose light requirement is in the following order: Honey 
Locust (most light), Green Ash, White Elm. Hardy Catalpa. 

The count of June 30 resulted : 700 Artemisia, 25 White Elm, 12 
Green Ash, 27 Catalpa, and 33 Honey Locust. 

On October 1 the plat contained 697 Artemisia, 17 Elm, 42 Ash, 30 
Oatalpa, 23 Houe; Locust, or 60 per cent of the number planted. 



a To be set bereafter. 
30191— No. 18 6 



saoy Google 



Plat 5.— One-half acre, 3 by 3 feet, 2,430 trees. 
BOBDBEBDBO 
MBMBMBMBMB 
BSBPBDBPBS 
MBMBMBMBMB 
BABDBEBDBA 
MBMBMBMBMB 
BSBPBDBPBa 
MBMBMBMBMB 
BOBDBEBDBO 

MBMBMBMBMB 

B— Boielder 1,310 

M— RnsBian Mulberry 605 

E— White Elm ■- 76 

0— White Oak SS 

A— Green Ash 38 

D— Douglas Spruce (a) 227 

P— Rock Pine (a) 161 

8— White Spruce (a) 75 

This plat is designed strictly on tlie principle of having the great 
mass of the trees of shade-enduriug species. The narse trees, Boselder 
and Buasiau Mulberry, are both shade-enduring while young, and when 
they have been cut out the light- demanding species, Pine, Oak, Ash, 
and Elm, are only equal in number to the shade-euduring Spruces. 
Where the time 8])ent iu cultivation of trees ia au important item, as 
it usually is with the farmer, the use of shade-enduring species as 
nurses is economical, because the ground is sooner shaded and the 
period of cultivation is shortened. 

Result of count, June 30, 1897 : 829 Boxelder, 459 Russian Mnlherry, 

33 Oak, M Ash, and 51 Elm. 

On October 1 the plat contained 793 Boxelder, 482 Mulberry, 23 Oak, 

34 Ash, 50 Elm, or 70 per cent of the nnmber planted. 

aTo be planted herealter. 
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Plat 6. — One-half acre, 3 by 5 feet, 1,410 trees. 

O B L R O E 

P P P P P P 

I> E S A D B 

P P P P P P 

L K C R L R 

P P P P P P 

DAS EDA 

-P P P P P P 

O R L R O B 

P— Aspen 706 

A — Green Aah - 88 

E— White Elm 88 

L— Blaek Locust 88 

C— Catalpa 41 

O— White Oak U 

R— Red Cedar (o) 177 

D- Douglas Sprnce (a) 88 

8— White 8proc6(a) 88 

This plan provides for a mixture of three shade enduring conifers 
with hard woods, the light-demanding Aspen being used as a nurse. At 
the distance of 3 by 5 feet a much longer period of cultivation will be 
required than if the trees are planted 3 by 3 feet, but it is claimed that 
the trees will die out much soooer at the closer planting. 

On June 30 a count of trees showed 656 Aspen, 35 Oak, 33 Catalpa, 
84 Black Locust, 61 White Elm, and 61 Green Ash. 

The count of October 1 resulted : 633 Aspen, 29 Oak, a? Catalpa, 72 
Black Locust, 64 Elm, 41 Ash, or 82 per cent of the number planted. 

a To be planted later. 
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Plat 9.-~0ne-hal/ acre, 3 by 6 feet, 1,210 tree*. 

B D B C B 

P B B B P 

B B D B 

S B A B S 

B D B B 

P B R B P 

B O B D B 

S B A B S 

B— Birch 605 

P— Rock Pine (o) 76 

A — Austrian Pine (o) 75 

K—Hed Cedar («) 76 

C— White Fir (o) : 151 

D— Douglas Sprnce (a) 151 

8— White Spruce (o) 76 

In this plat Birch was set 6 feet apart both ways to make a shelter 
for eoaifers, wliich are to be planted when the Birch has grown enoagh 
to protect them. The conifers are so arranged that one- fourth of them 
{the Pines} are light-demanding, and three-fourths are shade-enduring. 
Unfortunately, the Birch has grown poorly, only 326 beiug alive on 
June 30. On account of the wide spacing, it will be necessary to replant 
the Birches before the conifers caii be set. 

Plat 7. — One-half acre, 1 by 4 feet, 1,361 trees. 

BBBBBBBB 

BOBLBOBA 

BBBBBBBB 

BBBABEBL 

BBBBBBBB 

BOBLBOBA 

BBBBBBBB 

BEBABEBL 

BBBBBBBB 

a To be planted heieafber. 
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B— Boxelder 1,021 

O— Oak 85 

E— White Elm 85 

A— GwonAsh 85 

li— Black LoonBt 85 

la this plat, of hard woods exclusively, three-fourtlis of tlie trees 
are of the shade-enduring Boxelder and the remainder are light- 
demanding species, some of which — notably the Locust — come to usable 
size so mnch sooner than the others that it is believed they can be cot 
out before the slower- growing forms will be overcrowded by them. 

The count of June 30 resulted: 781 Boxelder, 63 Oak, 73 Elm, 73 
Ash, and 70 Locust. On October 1 the plat contained 733 Boxelder, 
45 Oak, 73 Elm, 75 Ash, 70 Black Locust, or 73 per cent of the number 
plauted. 

Plat &.— One-half acre, 4 hy 5 feet, 1,089 trees. 

BOBHBEBL 

MBMBMBMB 

BABLBABH 

MBMBMBMB 

BEBHBOBL 

MBMBMBMB 

BABLBABH 

MBMBMBMB 

BOBHBEBL 

B— Boxelder (Artemisia enbstitnted iupurtl 545 

H — BuBBian Malberry 272 

A— Green Ash 68 

L — Blaclf LoCQBt 68 

H — Honey Loonat 68 

O— Oak 34 

E— While Elm 34 

Besult of count, June 30: 2S1 Boxelder, 134 Artemisia, 228 Mul- 
berry, 21 Oak, 34 Elm, 63 Ash, 50 Black Locust, and 56 Honey 
Locust. 

On October 1 the plat contained 278 Boxelder, 132 Artemisia, 228 
Mnlberry, 17 Oak, 36 Elm, 62 Ash, 48 Black Locust, 52 Honey Locast, 
or 78 per cent of the total number planted. 
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Plat 10. — One-half aa-e, 4 by 6 feet, 908 trees. 
L O L H L O 



C A A C A 
M L M L M L 



L L C L C 
C A C3 A C A 



M L M L M L 
A O A C A 



L O L H L O 



C— Catalpa 

A — Artemisia 

M — RoBBian Mulberry.. 

L — Black Locnst 

O— Oak.. 



H— Honey Locust '. 28 

Result of count, Jane 30: 136 Catalpa, 227 Artemisia, 71 Mulberry, 
161 Black Locust, 5 Oak, 43 HoDey Locust, aod 39 Asb. (Ab tliis was 
the last plat planted, substitutions bad to be made on account of 
varieties not bolding out; bence the appearance of new varieties in tbe 
count.) 

On October 1 the plat contained 130 Catalpa, 130 Artemisia, 53 Mul- 
berry, 120 Black Locnst, 2 Oak, 32 Honey Locust, or 62 per cent of tbe 
number planted. 

GROWTH OP TREES PLANTBD AT LOGAN. 

During the last week in July measurements of growth were made in 
the plats, resulting as given in the table below. The figures are the 
length of new wood produced during the year np to that date. Growth 
had not yet ceased, so that the figures do not represent the full growth 
of tbe year. 
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M1MME80TA. 

The State University of Mionuaota, lu addition to tiie seat oi' the 
experimeDt station at St. Antlioiiy Park, supporti^ two siibstatious or 
experiment farms, one in the prairies of the Bed River Valley at Crookiii- 
ton, the other in the pineries at llrand Rapids. Land for forestry 
experiments has been set apart at both substations, the plat at Grooks- 
ton to be devoted to plantings similar to those at the other stations, 
aod the OQe at O-rand Rapids to be used for replanting cnt-over pine 
lands and to illastrate improved methods of forest management. 

CRO0K8T0N PLANTATION. 

The land set aside for forest plats at the Crookston experiment farm 
is the typical prairie of the Red River Valley, one of the most famous 
Theat-prodacing regions of the world. The soil ia a rich clay loam, 
black, with very fine sand, nnderlaid with a stiff clay snbsoil within 
2 t« 3 feet of the surface. This subsoil ia not readily permeable by 
water, as ia evidenced by the great number of i>ool.s tliat dot the valley 
iu a wet season. The experiment farm is rather lower and not so well 
drained as the average valley land, and the forest land includes some 
of the best and some of the poorest parts of the farm. 

The plantings of 1897 include five 1-acre plata. In two plats a part 
of the land bad been broken the year belbre and had never produced 
a crop. The trees were set in "back setliog"— that is, the land was' 
broken in the summer of 1896, and in the spring of 1897 It was cross 
plowed a few inches deeper than the original breaking. It was then 
well harrowed before planting. The plowing was not more than 4 
inches deep in this new land, and was not more than 8 inches deep in 
the old land. 

None of the trees were set, unfortunately, until they bad begun to 
leaf out, the Aspen leaves being fully a half inch in diameter when the 
plants were set. 

Owing to the late planting and dry weather immediately following, 
avery poor stand was secured and all the plats will have to be replanted 
next year. Plans and reports of stand are therefore not given. 

GRAND RAPIDS PLANTATION. 

At the Grand Bapidsstationacouifer nursery was planted, and about 
lacre of cut-over pine laud was reset to Red Pine and White Pine, 
nursery-grown seedlings of both species being used. 

The Grand Bapids experiment farm is located about 2 miles from the 
town of that name, near the Mississippi Eiver, about 150 miles north- 
west of Duluth, Minn. The region was formerly covered by extensive 
pine forests of the first commercial importance, but the pines have been 
largely cut away, leaving isolated pieces of uncut pine, surrounded by 
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extensive areas of cat-over laods, from which tiie pine haR been 
removed. These cat-over laiida are covered with a low growth of Birch 
and Aspen, with a few other hard woods intermixed, among which are 
occasionally young pines, their nnmber and species dependent on the 
proximity of uncut areas. 

The soil of the region is a sandy clay loam, varying greatly in char- 
acter within limited areas. The hotter soils are being cultivated, bat 
throughout the region there are tracts too poor for cultivation, and 
theBe,having once prodnced a crop of pine, may be reforested, and thas 
be made measurably profitable. Left without care, the cut lauds pro- 
duce, first of all, a dense growth of Aspen, Binih, Alder, and other hard 
woods in leas numbers. After a time, depending largely upon the 
proximity of seedling piue trees, young pines appear io this forest 
cover, and if fire is kept out these seedlings will undoubtedly develop 
into merchantable trees; bat in thus leaving the land to iiatare there 
is apt to be either a very poor stand of pines or an nueven stand, or 
undesirable varieties may gain the ascendancy, while in any case the 
danger of fire is constaut. 

An effort will be made at the Grand Rapids station to demonstrate 
the best methods of growing pine on cut lands. Various methods will 
be tried and different species will be employed, both pure and in mix- 
ture. Owing to the lateness of the season when arrangements were 
completed for work at this station, only a small plat was planted Id 1897. 

Underplanting, 

In one comer of a large field from which the merchantable timber had 
been cut several years before, 1 acre was roughly staked off and planted 
to Red Pine and White Pine without disturbing the soil cover. The 
natural growth consisted of young Aspen, Birch, and Alder, from 4 to 
8 feet high, growing principally in clumps, with narrow grass-covered 
openings among them. A few seedling White Pines, 5 to 16 inches 
high, werefonnd scattered among the hard woods, and toward one side 
of the plat was a group of vigorous pines about 40 years old, of both 
Red and White species. Jack Piue 50 feet high was also growing in 
the immediate vicinity, and there were a few mature Aspens, and 
Birches. While the growth was sufficient to make quite a dense shade 
over the greater part of the area, it was not shady eooagh to prevent 
grass, an<l the few wild White Pine seedlings were in fine condition. 

The stock that was planted in had been received from nurseries and 
planted in nursery rows a tew weeks before, and of course this second 
moving was not beneficial. The seedlings were 8 to 10 inches high anfl 
in good condition when received. They were planted with a spade, 
without disturbing the existing growth, approximately 4 by 6 feet 
apart. One tbousand Red (Norway) and 500 White Pine were set. 
On July 15 a count showed 680 Ked (68 per cent) and 411 White (83 
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per <!«nt) Pine living. This gives promiae of a good stand. If half 
the trees reported living become thoroaghly estublisbed and evenly dis- 
tributed over the acre it will insare a fall stand of pine at the age of 
25 years, sapposing the trees are protected from overorowding by the 
natural growth. 

Under favorable conditions it is safe to assame that pines set 8 by 8 
feet in cut-over lands will make a good stand. This would require 680 
trees per acre. So much depends, however, on care of stock, skillful 
planting, atmospheric and soil moisture at planting time and during the 
first season, and density of existing growth that it would be mnch safer 
to plant 6 by 6 feet apart, or at the rate of 1,210 trees per acre. 

In this connection it may be stated that an experiment of a similar 
nature has been undertaken in the planting of deforested pine lands of 
Pennsylvaniaj Mr. N". T, Arnold, of Bidgway, Elk Coanty, having kindly 
offered the ase of land for this purpose. The first planting was made 
at Bidgway in November, 1897, and a report can not therefore be 
Included in this bulletin. 

BXPEBIMBNTS WITH NUBSBBIBB FOB ETBBaBBBNS. 

At each of the stations small evergreens were planted in nursery 
rows or in shaded beds, preparatory to setting them in the plats later. 
The plantings were practically a failure at all the stations save Grand 
Bapids, Minn., which is within the natural pineries. The poor stand 
secured is the result of several causes. 

The methods employed in transplanting evergreens .at the leading 
commercial nurseries are so simple that it would seem easy to pnt them 
into practice. The seedling trees are taken from the seed bed, or the 
young trans])lant8 from the nursery rows, care being taken to protect 
the roots from drying, A ftirrow is opened with plow or spade, the 
seedling is placed against the straight side of the furrow at just its 
former depth, and the earth is drawn up over the roots by the planter, 
who thns passes quickly along the row on his knees, doing all the work 
by hand. A second man follows with a block of wood, with which he 
tamps the soil firmly on the root, and a third man levels up the ground, 
leaving the surface soil loose, to act as a mulch. Sometimes the entire 
work is done by one man, but the process is usually and more e2x>edi- 
tiously done as above described. Great difficulty was experienced in 
getting the workmen to follow these simple instrnctions. Either the 
trees would be set too deep or the soil would not be well packed about 
the roots, or the roots would be exposed needlessly while planting, any 
one of which causes is sufficient to kill the trees. The professors and 
foremen in charge of tha work did everything lu their power to have it 
properly done, but with inexperienced men it was impossible to secure 
the best planting. 

While poor workmanship must be held responsible for a share of fail- 
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nre, the principa,! difficulty must be attributed to the climate. Not 
only is the soil of the plains more compact and less moist than that 
of the lake region, where most of the large evergreen nurseries are 
located, but the air of the Wast is much drier, and there are almost 
constant winds which increase evaporation. The newly planted trees 
are thus subjected to luuch more severe conditions than those ander 
which they were grown. Under the most favorable conditions of trans- 
planting there is apt to be a greater loss in conifers than in hard woods, 
and in the case of seedling evergreens that are shipx>ed long distances 
to dry climates heavy losses are not surprising. 

In some cases the trouble began at the nurseries, where the stock 
was not sufficiently protected from the air while the trees were being 
dug and packed, and where the packing was so loosely done that the 
trees dried badly in transit. One shipment was made so late that the 
trees sprouted badly in the boxes, and the delicate young growth 
withered on exposure to the light. 

Very few of the Western commercial nurseries beyond the immediate 
infloeiice of the Great Lakes attempt to grow conifers from the seed, 
having learned from experience that it is more profitable to buy the 
young seedlings. Beyund the Missouri the difficulties of nursery care 
for conifers are so much increased that it is the almost nniversal -prac- 
tice of nurserymen to purchase their evergreen stock as needed for 
orders. 

These facts do not show that the evergreens are unsuitable for plant- 
ing in the plains, but they emphasize the difficulty of securing a good 
start. The trees once established are as easily cared for and quite as 
sure of success as any of the broad -leafed species, perhaps even surer. 
With favorable conditions at planting time and during the first season, 
the majority of conifers will become so well established as to withstand 
as great vicissitudes as the hardwood trees. Like the hard woods, their 
rate of growth will be affected by the season, but the record of the 
Scotch Pine and the White S|)ruce at Brookings station indicates that 
the trees are fully as well adapted to that location as are any of the 
species tested there. At many localities in the plains conifers are 
growing well. It is evident, therefore, that once a successful method 
of bringing the trees through the first few years ia discovered, the 
principal difficulty in coniferous planting will have been met. 

When the stock was received at the several stations, the roots were 
well puddled and the stock was carefully heeled in, in a shady place, 
to await favorable weather for transplanting. Moist, cloudy weather, 
with fresh soil, are the best conditions for transplanting, but these con- 
ditions can rarely be commanded in the West, and in some cases, after 
waiting as long as possible for good weather, it became necessary to 
plant the trees during bright days, in rather dry soil. A continuance 
of clear weather resulted in constantly increasing dryness, so that 
many of the trees died before rain came. The men had been carefnily 
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